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1.0 INTRODUCTION

1.1 Purpose

This document is a screening level evaluation of potential risks to ecological receptors at the Richardson Flat
Tailings (RFT) Site located near Park City, Utah (Figure 1 -1). The purpose of the Screening Ecological Risk
Assessment (SERA) is to identify the potential for adverse effects (risks) to ecological receptors resulting
from exposure to contaminants released as a result of past mining activities. If potential risks are identified,
then a more detailed Baseline Ecological Risk Assessment (ERA) may be warranted. The SERA process
consists of four general steps: Problem Formulation, Exposure Assessment, Effects Assessment, and Risk
Characterization (Figure 1-2).

The screening level problem formulation and risk characterization results are used to identify: 1) the need for
a more detailed assessment; and, 2) the specific types of data needed to complete a more detailed
assessment. The SERA is not intended to support any final quantitative conclusions about the magnitude of
potential ecological risks identified in the screening-risk procedure(s).

1.2 Scope

This SERA is completed in accordance with current United States Environmental Protection Agency
(USEPA) guidance for performing ecological risk assessments, in general (USEPA, 1998 and USEPA, 1992),
and specifically, under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) (USEPA, 1997). The SERA is completed according to the recommended eight-step process
presented in the Ecological Risk Assessment Guidance for Superfund (ERAGS) (Figure 1 -3). Figure 1 -3 is
shaded to show which portions of the ERAGS process are addressed by this document for the RFT Site.

In accordance with USEPA guidance, this SERA is intentionally simplified and conservative. The
conservatism allows for elimination of only those contaminants, receptor pathway s and environmental media
that are below a level of concern and for which there is high confidence of no adverse effects (risks).
However, if the SERA indicates that contaminant concentrations in a particular medium are within a range
of concern, it is appropriate to conclude that a potential for risk does exist and that a more refined ecological
risk evaluation is needed to identify and quantify the actual risk(s).

1.3 Organization

The SERA is organized into ten sections. In addition to this introductory section, the SERA contains the
following chapters or sections:

Section 2 This section provides the site characterization, which includes the site location, description,
regulatory history, and environmental setting.

SERA for Richardson Flat Tailings 1-1 February 2002
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Section 3 This section provides a description of the available analytical data for the RFT Site including
the nature and extent of contamination present in tailings, soils, surface water, sediments,
and seeps (groundwater).

Section 4 This section provides the screening level problem formulation which includes discussions
about the site conceptual model (SCM) selection of contaminants of potential concern
(COPCs), and identification of assessment and measurement endpoints.

Section 5 This section presents the screening level ecological exposure assessment for aquatic
invertebrates, fish, amphibians, terrestrial plants, soil invertebrates, and wildlife receptors.

Section 6 This section presents the screening level ecological effects assessment for aquatic
invertebrates, fish, amphibians, terrestrial plants, soil invertebrates, and wildlife receptors.
This includes descriptions of toxicity screening benchmarks for aquatic receptors
(invertebrates, fish and amphibians) for surface water, seeps and sediments and for
terrestrial plants and soil invertebrates for soils. The ecological effects assessment for
wildlife identifies toxicity reference values (TRVs) or doses of contaminants by ingestion
that are associated with no observed adverse effects or a lowest observed adverse effect.

Section 7 This section presents the screening level risk characterization for aquatic invertebrates, fish,
amphibians, terrestrial plants, soil invertebrates, and wildlife receptors, aquatic and terrestrial
wildlife receptors.

Section 8 This section presents and discusses the uncertainties associated with each of the steps of the
SERA.

Section 9 This section discusses the data gaps present in the SERA and provides recommendations for
the collection of data and analyses for completing a more detailed or baseline ecological risk
assessment (ERA). The recommendations are based on the findings of the SERA.

Section 10 This section presents references used in the SERA.
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2.0 SITE CHARACTERIZATION

2.1 Site Location

The RFT Site is located 1.5 miles northeast of Park City, Utah occupying about 700 acres in a small valley
in Summit County, Utah (Figure 1-1). The RFT site is part of the Park City Mining District where silver-
laden ore was mined and milled from the Keetley Ontario Mine as well as other mining operations (RMC,
200 la). Tailings were deposited into an impoundment covering 160 acres of the 700 acre property just east
of Silver Creek. Tailings were deposited to the impoundment from the mill by use of a slurry pipeline from
1975 through 1981. Mining and milling operations ended in 1982.

2.2 Site Description

Tailings were first placed on RFT Site prior to 1950 (RMC, 2000a). Historical aerial photos confirm that
tailings have been present at the flood plain tailings pile as early as 1953(USEPA, 1991). The mill tailings
present consist of mostly of sand-sized particles of carbonate rock with some minerals containing silver, lead,
zinc and other metals. Few specific details are available concerning the configuration and operation of the
historic tailings pond (prior to 1950) but certain elements are apparent. From time to time, tailings were
transported to the Site through three distinct low areas on the southeast portion of the Site. Over the course
of time, tailings materials settled out into the low areas that were ultimately left outside and south of the
present impoundment area constructed in 1973 to 1974 (RMC, 200 Ib).

In 1970, Park City Ventures (PCV), a joint venture partnership between Anaconda Copper Company and
American Smelting and Refining Company (ASARCO) entered into a lease agreement with United Park to
use the Site for disposal of additional mill tailings from renewed mining in the area. PCV contracted with
Dames & Moore to provide construction specifications for reconstruction of the Site for continued use as a
tailings impoundment (Dames & Moore, 1974). The state of Utah approved the Dames & Moore plan and
the current impoundment area was constructed in 1974 (RMC, 2000a). Before disposing of tailings on the
Site, PCV installed a large earthen embankment along the western edge of the existing tailings impoundment
and constructed perimeter containment dike structures along the southern and eastern borders of the
impoundment to allow storage of additional tailings. PCV also installed a diversion ditch system along the
higher slopes north of the impoundment and outside of the containment dike along the east and south
perimeter of the impoundment to prevent surface runoff from surrounding land from entering the
impoundment (RMC, 200Ib). Dames & Moore recommended that special engineered seepage control
devices be installed at the base of the main embankment. PCV did not follow this recommendation (Dames
& Moore, 1974).

PCV conveyed tailings to the impoundment by a slurry pipeline from its mill facility located south of the Site.
Over the course of operation, approximately 420,000 tons of tailings were disposed of at the Site. PCV failed
to follow recommendations for disposal of the slurry in the impoundment (to place tailings along the perimeter
of the impoundment and move towards the center) and placed a large volume of tailings near the center of -^
the impoundment in a large, high-profile, cone-shaped feature. [After cessation of operations in 1982, the \
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presence ofthe cone-shaped feature resulted in prevailing winds form cutting into the tailings and the tailings~~~
becoming wind-borne (RMC, 2001b).~~~j yf s / ,^ t ' . -. '

The RFT Site is currently under the ownership of United Park City Mines (UPCM) (RMC, 2000a). UPCM
is a consolidation of Silver King Coalition Mines Company and Park Utah Consolidated Mines Company,
formed in 1953 (RMC, 2000a).

2.2.1 Sources

There are two known sources of contamination at the RFT Site. These include the tailings impoundment
previously described and a flood plain tailings pile. The flood plains tailings pile is located immediately west
ofthe tailings impoundment and covers about 6 acres along the banks of Silver Creek (USEPA, 1991). This
source is reported to be located on the western side of Silver Creek about 300 feet upstream of the
confluence of Silver Creek with the wetland area and extends from there for about 2500 feet upstream. The
USEPA and the State of Utah have both observed tailings entering Silver Creek from the flood plain tailings
pile(USEPA, 1991). According to analyses performed in 1985 and 1989, the flood plain tailings pile contains
arsenic, cadmium, copper, lead, mercury, silver, and zinc (USEPA, 1991).

2.2.2 Site Features

) The Focused Remedial Investigation/Feasibility Study (RI/FS) Workplan prepared by RMC in May 2000,
provides detailed information on the RFT Site features (Figure 2-1). Information pertaining to the main
embankment and containment dikes, the diversion ditches and off-impoundment tailings is summarized in the
following subsections.

2.2.2.1 Main Embankment and Containment Dikes

The majority ofthe tailings at the RFT Site are contained in a closed basin, with a large, earth, embankment
in place along the western edge ofthe Site (Figure 2-1). The "main embankment" is vegetated and is
approximately 40 feet wide at the top, 800 feet long, and has a maximum height of 25 feet. This embankment
is designed to allow water to seep from the impoundment to relieve hydraulic pressure on the embankment.
Currently, surface water is present in the form of a seep located near the north end ofthe base. A series of
man-made containment dikes contain the tailings along the southern and eastern perimeter of the
impoundment. The northern edge ofthe impoundment is naturally higher than the perimeter dikes (RMC,
2000a).

2.2.2.2 Diversion Ditches

A diversion ditch system borders the north, south, and east sides ofthe impoundment to prevent runoff from
the surrounding land from entering the impoundment. Precipitation falling on the impoundment area creates
a limited volume of seasonal surface water (Figure 2-1). The north diversion ditch collects snowmelt and
storm water runoff from upslope, undisturbed areas north ofthe impoundment and carries it in an easterly
direction towards origin ofthe south diversion ditch. An unnamed ephemeral drainage to the southeast of the

I
J
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impoundment also enters the south diversion ditch at this point. Additional water from spring snowmelt and
storm water runoff enters the south diversion ditch from other areas lying south of the impoundment at a point
near the southeast corner of the diversion ditch structure. Water in the south diversion ditch flows from east
to west and ultimately empties into Silver Creek just upstream of Highway 189 near the north border of the
Site. Water flow from the south diversion ditch into Silver Creek occurs during the higher water periods of
the year (RMC, 2000a).

2.2.2.3 Off-Impoundment Tailings

Additional tailings materials are present outside and to the south of the current impoundment area. During
historic operations of the tailings pond, tailings accumulated in three naturally low areas adjacent to the
property that eventually became the impoundment. In the 1970s, when PCV constructed the perimeter dike
and diversion ditch along the south perimeter of the impoundment, tailings present in the three low areas were
left in place, outside of the present impoundment. Starting in 1983, United Park reportedly covered most of
these tailings outside of the current impoundment with a low permeability, vegetated soil cover. Other types
of clean fill material, imported from construction work in Park City, were also used to cover the tailings
outside of the impoundment. The cover in some of these areas is reported to be as thick as 10 to 15 feet
(RMC, 2000a). However, recent surveys of off-impoundment cover soils indicate that at some locations soil
cover is absent leaving exposed surface tailings and in other places the soil cover is less than a few inches
(RMC, 200la).

2.2.3 Site Activities

UPCM and others have conducted certain efforts at the RFT Site to support investigation of integrity or
closure. These activities are briefly described in the following subsections.

2.2.3.1 Impoundment Integrity Analyses

Noranda Mining, Inc. (Noranda) leased the RFT Property from UPCM in 1980 (RMC, 2000a). Shortly after
Noranda entered into the lease agreement, Dames & Moore was contracted to conduct an impoundment
integrity investigation. Although several construction flaws are noted, including the oversleeping of the main
embankment along various locations, Dames & Moore concludes that the main embankment and containment
dikes are in no immediate threat of failure. Dames & Moore once again recommends the installation of
seepage control systems at the base of the main embankment (RMC, 2000a). Noranda does not follow this
recommendation. Noranda disposed of 70,000 tons of additional tailings material and ceased operations in
1982. No new tailings have been placed at the Site since that time (RMC, 2000a).

2.2.3.2 Soil Cover of Tailings

Starting in 1983, UPCM began placing soil cover on tailings outside of the impoundment, located in three low
areas south of the south diversion ditch (Figure 2-1). By 1985, the tailings impoundment had dried out enough
in certain areas to support heavy equipment and UPCM began installing soil cover material over those
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portions. The cover soils are reported to be clay-rich and came from both the Park City area and from within
the RFT Site (RMC, 2000a).

Between 1985 and 1988, UPCM also placed soil cover around the cone shaped tailings structure inside the
impoundment area at locations where it had dried out enough to support heavy equipment. The primary
objective of placing the soil cover was to prevent prevailing winds from cutting into the cone-shaped tailings
By 1988, this work was completed and UPCM began a more aggressive program to cover all exposed
tailings. It is reported that at least 12 inches of low-permeability, clay cover material was placed in the
impoundment and that the soil cover was then vegetated (RMC, 2000a). More recent inspection of the
cover soils at the main impoundment and off-impoundment indicate a shallow soil cover in some areas (less
than 12 inches) and no soil cover in other locations (RMC, 200la).

By 1992, t^;soil cover work was completed (RMC,2000a). Shortly after completion, E&E( 1993) completed
a soil depth survey within the impoundment and an inspection of the main embankment. X-Ray Fluorescence
(XRF) was used to confirm the visual contrast between top soil and the tailings below (E&E, 1993). E&E
(1993) determined that on average, cover soils varied between less than 6 inches and 14 inches in depth.
Areas in which cover soils were known to be more than 3 feet in depth were not surveyed. For the 29
locations studied, one exhibited exposed tailings. As a result, UPCM placed additional soil in this area (RMC,
2000a). More recent soil cover surveys for the main impoundment, however, indicate that at some locations
the soil cover is less than 12 inches in depth (RMC, 200la; 200Ib).

2.2.2.3 Wedge Buttress Reinforcement

In an effort to correct the over-steepened portions of the main embankment, UPCM proposes to design the
installation of a wedge buttress. The buttress will enhance the long-term effectiveness of the final closure
remedy for the Site. UPCM will evaluate the condition of the main embankment during the RI/FS, and then
prepare construction design specifications as part of the final remedial design process. Data from the seep
located at the base of the main embankment may need to be gathered in order to develop an appropriate
wedge buttress design (RMC, 2000a).

2.2.2.4 Fencing

In the mid 1980's, UPCM installed a fence along most of the Site boundary, including the entire impoundment
and much of the property south of the impoundment. The fence was placed to restrict access to the Site.
UPCM reports it will maintain the fence in good repair and will continue to control Site access until such time
limited access is no longer necessary (RMC, 2000a).

2.2.2.5 Diversion Ditch Reconstruction

In 1992 and 1993, UPCM reconstructed the south diversion ditch by decreasing the slope of its banks from
nearly vertical to a more gradual slope. UPCM placed a clay soil cover over the re-sloped banks down to
and including areas of the banks underwater. The existing ditch banks were re-vegetated and the bottom of
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the ditch was not disturbed during these efforts. In May of 1999, United Park reconstructed the north
diversion ditch along its entire length in the same manner (RMC, 2000a).

2.3 Regulatory History

The RFT Site was first proposed for the National Priorities List (NPL) on June 24,1988. The original Hazard
Ranking System (MRS) score of 50.23 was based on surface water and air migration pathways (USEPA,
1991). Areas evaluated in the HRS included the impoundment and adjacent areas (USEPA, 1991). Based
on public comments, the site was dropped from consideration for the NPL on February 11, 1991 (USEPA,
1991). The HRS scoring criteria for surface water migration pathways were revised in 1992. The USEPA
is currently proposing the site for a second NPL consideration under the revised HRS (USEPA, 1991). Along
with the impoundment area and adjacent areas, the new proposal includes the Park City Municipal Landfill
and the Silver Creek flood plain area (RMC, 2000a).

2.4 Site Environmental Setting

2.4.1 Topography and Surrounding Land Use

The site is located in a rural area whose topography is characterized by a broad valley with undeveloped
rangeland. Silver Creek is located within a few hundred feet from the main tailings impoundment. This
perennial stream drains other historic tailing ponds in the Park City area (Mason, 1989). Silver Creek
originates in an upper mountain zone where access is limited to recreational users. As Silver Creek passes
through Park City and in the surrounding suburban areas, the land use is primarily residential and commercial
changing to recreational and agricultural downstream to its confluence with the Weber River (RMC, 2001 a).

2.4.2 Geology and Hydrogeology

2.4.2.1 Geology

The RFT Site is located in the Wasatch Range Section of the Middle Rocky Mountain Physiographic Province
in north-central Utah in an area composed of a complex fold and thrust belt that is covered over with igneous
rock (RMC, 2000a; 2000b). The sedimentary bedrock, which dates to the Paleozoic and Mesozoic age, is
covered by a thick layer of extruded igneous rock that dips approximately 25 to 60 degrees to the north and
strikes northeast-southwest (Bromfield and Crittenden, 1971). Tertiary gravels and igneous rocks cover the
Mesozoic sedimentary rocks (RMC, 200la). There are no known faults near the RFT Site.

Alluvial and colluvial sediments lie 30 to 50 feet deep beneath the tailings on site. These sediments are
product of the erosion of neighboring and underlying igneous extrusions. Borehole data has shown that these
sediments consist of: 2-5 feet of soft, organic, and clay rich topsoil; 1 -30 feet of mixed fine-grained silt and
clay; 4 feet of sand and gravel; highly weather, volcanic breccia which is composed of soft, tight, sandy and
silty clay grading to harder fractured volcanic rock (RMC, 2000b). The unconsolidated valley fill is reported
to range in thickness from a few feet adjacent to hills and mountains to at least 260 feet, centrally in valleys
(Mason, 1989)
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2.4.2.2 Hydrogeology

In 1999, UPCM contracted Weston Engineering, Inc. (Weston) to conduct a hydogeological survey of the
site. The hydrogeology hi the area consists of shallow alluvial aquifers located in the alluvial and colluvial
material as well as the deeper Silver Creek Breccia bedrock aquifer located in the Keetley volcanics (RMC,
2000b). The shallow aquifers are found fifteen to thirty feet below ground surface in gravelly clay. The
shallow aquifers' hydraulic gradients parallel topography (south to north) except at the southern boundary of
the tailings embankment where flow changes to the northwest due to diversion ditches. The hydrogeology
of the Site area has been described in a separate report (Weston, 1999).

2.4.2.3 Hydrology

Silver Creek flows approximately 500 feet from the main embankment along the west edge of the Site (RMC,
2000a). The headwaters of Silver Creek are comprised of three major drainages in the Upper Silver Creek
Watershed; the Ontario Canyon, the Empire Canyon and Deer Valley. Flows from Ontario and Empire
Canyons occur in the late spring to early summer months in response to snowmelt and rainfall, while Deer
Valley flows appear to be perennial and originate from snowmelt and springs (RMC, 2000b). Surface water
runoffs for this watershed are lower than that of comparable mountain watersheds which are less fractured
and may have a more developed layer of unconsolidated materials (Brooks et al., 1998). Overall, runoff and
precipitation flows from Empire and Ontario Canyons are low compared to the substantially large flow
contributed by Deer Valley (USEPA, 200la). The major influence on water flow in Silver Creek near the
RFT Site is the Pace-Homer (Dority Springs) Ditch, which derives most of its flow from groundwater
(USEPA, 200 la). The outflow from the Pace-Homer Ditch enters Silver Creek at several locations across
the Prospector Square area. Significant riparian zones and wetlands exist near the RFT Site in areas that
historically consisted of accumulated tailings piles.

2.4.3 Climate

Richardson Flat is located in north-central Utah. The average monthly precipitation is approximately 3.64
inches with an average annual precipitation of 43.68 inches (www.weather.com - accessed 08/5/01). The
average monthly temperature ranges from 19°F to 58°F. with an average for the year of 36°F. Elevations
near the RFT Site range from 6,930 to 9,075 feet above sea level (RMC, 2000b).

2.4.4 Ecology

There is very limited information concerning the biological communities present at the RFT Site. This section
summarizes the information from reports available for review at the time of the SERA.

2.4.4.1 Aquatic Community

In accordance with the State of Utah surface water code, the Weber River from the Stoddard diversion to
its headwaters (including Silver Creek) is classified as a cold water fishery (3A) and is protected for cold
water species of game fish and other cold water aquatic life, including the necessary aquatic organisms in
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the food chain. Elevated zinc concentrations, in comparison to the State aquatic life standard for 3 A
designated streams, have consistently been reported in Silver Creek.

According the public health assessment conducted by ATSDR there are few studies available concerning fish
in Silver Creek. A survey conducted in 1954 found a small number of trout in Silver Creek (ATSDR, 1994)
but in 1970, fish were not present during electroshocking (ATSDR, 1994). More recently, biologists have
reported cutthroat troat in Silver Creek, however, information regarding number of individuals or sampling
locations are not available (E&E, 1991). A 1986 investigation produced no fish but pan-sized trout were
reportedly seen in Silver Creek near the RFT Site in the spring of 1992 (USEPA, 1993c; ATSDR, 1994).

2.4.4.2 Terrestrial Community

There was no information located pertaining to the plant and terrestrial wildlife communities (mammals and
birds) present at the RFT Site.

2.4.4.3 Threatened or Endangered Species

Federally listed threatened or endangered wildlife species that are known or are suspected to inhabit Summit
County include the bald eagle (Haliaeetus leucocephalus), the Canada lynx (Lynx canadensis} and possibly
the whooping crane (Grus americanci) and the black-footed ferret (Mustela nigripes) (Utah Division of

1 Wildlife website - accessed 08/03/01). No threatened or endangered plant species were identified.

V
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3.0 DATA SUMMARY AND EVALUATION

The SERA is based on the available analytical and physical data from investigations completed within the
RFT Site area. A summary of the raw data is provided as Appendix As These results represent the known
nature and extent of contamination and are used as the basis of the SERA~T\_ |\N V

3.1 Tailings Data

As previously discussed, contamination at the RFT Site originated from the deposition oTtailihgs w^mn an
outside of an impoundment. In July 1989, one tailings sample from the main impoundment area (stratified
depths from 1-18 inches) and five tailings samples (0-6 inches) from flood plain areas were collected and data
were presented in the HRS (USEPA, 1991). These samples were analyzed for total arsenic, cadmium,
copper, lead, mercury, silver and zinc.

In May 2001, RMC collected tailings samples from the three locations within the impoundment at 1 foot depth
intervals (beginning from the bottom of the cover soils to a depth of 5 feet). Figure 3-1 identifies these
locations as green circles on the impoundment. Samples were analyzed for aluminum, antimony, arsenic,
cadmium, chromium, copper, iron, lead, mercury, selenium, silver, and zinc. These samples were collected
to evaluate the long-term fate of metals in tailings and the chemical stability of the tailings (RMC, 200 la).

Tailings disposal is also present in areas located outside the impoundment (Figure 3-1) but the spatial extent
of these areas are not well defined. In June 2001, RMC collected tailings samples from locations south of
the south diversion ditch in an effort to determine the extent of tailings disposal. This study was also
completed to evaluate soil cover thickness, and if the tailings were contributing to zinc concentrations in the
south diversion ditch. Samples were analyzed for aluminum, antimony, arsenic, cadmium, chromium, copper,
iron, lead, mercury, selenium, silver, and zinc.

Analytical results for these three data sets are provided in Table 3-1. In order to evaluate the most current
site conditions, the tailings data collected in July 1989 for the HRS are excluded from the SERA. Data
included in the SERA are limited to tailings data collected by RMC through December 2001.

3.2 Soils Data

3.2.1 On-Impoundment Soils

In August 1992, Ecology & Environment, Inc. (E&E), under direction from EPA, investigated the RFT Site
with respect to immediate threats to human health or the environment. The depth of soil cover was
determined at 29 locations on the impoundment (based on an approximate grid pattern of 400 ft by 400 ft).
At six of these locations, samples were analyzed for Target Analyte List (TAL) metals. These analytical
results are presented in Table 3-2. Each of the samples, with the exception of sample RF-SO-3, are
representative of cover soils on the impoundment in 1992. Sample RF-SO-3, was collected in an area of salt
grass not yet covered by UPCM and is representative of tailings (E&E, 1993). Subsequently, UPCM placed
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additional soil cover in areas with thin cover (as identified by E&E, 1993) and on other areas to support site
closure efforts (RMC, 200la).

Currently, the cone-shaped tailings impoundment is reported to be covered with soil and vegetation with no
areas of exposed tailings (RMC, 200 la). However, the extent, thickness, and chemical characteristics of the
cover soils are not well defined. In May 2001, RMC collected 41 cover soils from 6 transects based on a 500
ft by 500 ft grid across the impoundment at a depth of 0-2 inches (distinct locations are identified as A through
I). Figure 3-1 shows the locations at each grid node. Additional depth samples, ranging from 5 to 18 inches,
were collected at 11 of these locations. All samples were analyzed for arsenic and lead with 20% of the
samples analyzed for all RCRA metals. The analytical results for on impoundment cover soils are provided
as Table 3-2.

In order to evaluate the most current Site conditions, the cover soils data collected by E&E in August 1992
are excluded from the SERA. The risk evaluation in the SERA is based on data for on-impoundment cover
soils collected by RMC through December 2001.

3.2.2 Off-Impoundment Soils

Historically, prevailing winds from the southeast carried tailings from the impoundment and deposited them
in the surrounding areas. In an effort to assess the extent and potential environmental impact of these wind-
blown tailings, off-impoundment soil samples were collected from one transect north (T1) and two transects
south (T2 and T3) of the RFT Site in May of 2001 (Figure 3-2). RMC collected eight distinct samples at Tl
(A through H) and ten distinct samples at T2 and T3 (A through J) at two depth intervals (0-2 inches and 1 -6
inches). All samples were analyzed for arsenic and lead with 20 % of the samples analyzed for all RCRA
metals. Analytical results for these off-impoundment soils are provided as Table 3-3.

In September 2001, eight surface soil samples (0 to 2 inches in depth) were collected from locations
surrounding the RFT Site to better determine the study area boundary (Figure 3-3). These samples were
analyzed for arsenic and lead and the analytical results are provided in Table 3-3. Concentrations of arsenic
and lead in sample S AB-6 are elevated compared to other results. Based on these results, it is assumed that
this sample is representative of tailings and it is excluded from inclusion in the off-impoundment soils dataset
(RMC, 200 Ib). The SERA is limited to off-impoundment soils collected by RMC through December 2001.

3.2.3 Background Soils

In order to determine the concentrations of metals in areas not affected by wind-blown tailings from the RFT
Site, RMC collected background samples from areas not impacted by tailings deposition. It is important to
note that these samples are representative of anthropogenic, non-site related levels, and do not represent
"pristine" (not influenced by human activity) environmental levels.

Grab samples were collected at a depth of 0 to 2 inches from each of eleven locations (Figure 3-4) and were
analyzed for arsenic and lead with 20% of the samples (BG8 and BG10) analyzed for all RCRA metals. The
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results are presented in Table 3-4. The arsenic and lead concentrations in sample BG11 are more than 30
times and 100 times greater, respectively, than those observed in other samples. This sampling location was
later reported to be representative of tailings and is excluded from the background soils data set (personal
communication, BTAG Mtg, 8/9/01).

3.3 Surface Water Data

Surface water data were compiled from five sources including E&E (1993), Utah water quality monitoring
, USEPA (200 la), UPCM surface water monitoring, and RMC monthly sampling . A description of the
surface water data from each source is provided in the following subsections.

For the purposes of conducting the SERA, surface water data from Silver Creek are segregated into two
reaches; upstream and downstream of the RFT Site. To be consistent with the upstream/downstream
designations used by UPCM, the cut-off point for these reaches is the rail trail bridge located northeast of
State Highway 40 near the main embankment. In order to evaluate the most current site conditions, surface
water data for the south diversion ditch are limited to samples collected after ditch reconstruction (1993 to
present).

Ecology & Environment, Inc. (1993)

In August 1992, E&E collected surface water samples from Silver Creek and the south diversion ditch. As
presented in Figure 3-5, six samples were collected along Silver Creek (RF-SW-1 to RF-SW-6) and two
samples were collected from the south diversion ditch (RF-SW-7 and RF-SW-8). Analytical results for these
surface water samples are provided as Table 3-5.

Utah Water Quality Monitoring (STORET)

Water quality monitoring data for several stations along Silver Creek were obtained electronically from an
EPA STORET download query (Modernized Version). Data is available from nine locations on Silver
Creek. Samples are collected and analyzed monthly for water quality parameters such as total hardness, pH,
and temperature, as well as total recoverable and dissolved metals including arsenic, cadmium, chromium,
copper, lead, mercury, nickel, selenium, silver, and zinc. Information for each of the Silver Creek stations is
provided in the following text table. Analytical results are provided in Ar.

Station ID

492674

492675

492676

Location Description

Silver Creek at Farm Crossing in Atkinson

Silver Creek at Wanship above confluence
with Weber River

Silver Creek 2 miles north of Atkinson

Latitude

40.742167

40.813000

40.768500

Longitude

-111.474167

-111.401667

-111.467667

Sampling Dates

12-Jan-68to 13-Apr-OO

20-Dec-79 to 17-Jun-99

21-Aug-81 to ll-May-89
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Station ID

492677

492679

492680

492685

492694

492695

Location Description

Silver Creek at 1-80 Crossing at Atkinson
east of Silver Creek Junction

Silver Creek at Waste Water Treatment
Plant

Silver Creek above Atkinson

Silver Creek at US40 Crossing east of Park
City

Silver Creek at Railroad Crossing below
Park City above Landfill

Silver Creek at City Park above Prospector
Square

Latitude

40.743833

40.735167

40.735167

40.683000

40.658000

40.654333

Longitude

-111.473000

-111.474667

-111.475167

-111.456000

-111.501833

-111.501667

Sampling Dates

20-Dec-79 to 22-Jan-92

04-Jun-87to 13-Jun-OO

17-Sep-81 to 13-Apr-OO

02-May-75tol7-Jun-99

20-Dec-79 to 28-Nov-83

06-Aug-97to 17-Jun-99

USEPA (200la) Silver Creek Watershed Sampling

In 2000, EPA completed an investigation of the Silver Creek watershed to better characterize the sources
of heavy metals and to evaluate the total maximum daily load (TMDL) (Figure 3-6). A total of 31 surface
water sampling locations are available from the watershed study for Silver Creek and its headwaters in
Empire Canyon, Ontario Canyon, Deer Valley (Figure 3-7). For the purposes of the SERA only data from
sampling stations on the lower reaches of Silver Creek (USC-1 through USC-7) below Prospector Square
are used for the risk evaluation. Surface water samples for USC-4 were collected from the south diversion
ditch on the RFT Site. Samples were collected in May and September 2000, respectively, to account for high
(peak spring runoff) and low flow (fall or winter seasons). Some locations were re-sampled in November
2000 due to problems with mercury analysis. Average concentrations from each sampling location are
provided in Table 3-6.

UPCM Monitoring

Since 1975, UPCM has collected surface water samples from the south diversion ditch (N5), and Silver Creek
upstream (N4) and downstream (N6) of the confluence with the south diversion ditch (Figure 3-8). Surface
water samples were collected monthly (usually from April to November) and analyzed for copper, cyanide,
lead, mercury, manganese, zinc, total suspended solids (TSS) and total dissolved solids (TDS). The range of
concentrations measured at each sampling location are provided in Table 3-7. At the time of the SERA,
surface water data collected prior to April 1982 was not available for review.

RMC Monthly Sampling (RMC, 200Ic)

Since May 1999, RMC collects monthly surface water from several locations along Silver Creek, the south
diversion ditch, the unnamed drainages flowing into the south diversion ditch, and ponded areas at the RPT
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Site. Specific locations are identified in Figure 3-9 and detailed station information is summarized in the
following text table. Surface water samples were analyzed for total recoverable and dissolved TAL metals
and water quality parameters. Average concentrations from each sampling location are provided in Table
3-8.

Station ID

RF-1

RF-2

RF-3

RF-3-2

RF-4

RF-5

RF-5-4

RF-6

RF-6-2

RF-7

RF-7-2

RF-8

RF-8-2

RF-9

RF-10

Location Description

Unnamed drainage flowing into the
south diversion ditch

South diversion ditch

Unnamed drainage flowing into the
south diversion ditch

Unnamed drainage flowing into the
south diversion ditch

South diversion ditch

South diversion ditch

South diversion ditch*

South diversion ditch

South diversion ditch

Silver Creek upstream of confluence with
south diversion ditch

Silver Creek upstream of confluence with
south diversion ditch

Silver Creek downstream of the
confluence with south diversion ditch

Silver Creek downstream of the
confluence with south diversion ditch*

Ponded water on the tailings
impoundment

Unnamed drainage flowing into south
diversion ditch

Sampling Dates

19-May-99to7-May-01

19-May-99to7-May-01

19-May-99only

4-Apr-Ol to5-Jun-01

19-May-99to9-JuI-01

19-May-99to7-Aug-01

4-Apr-Ol to7-May-01

19-May-99to 18-Sep-OO

9-Jun-99to3-Dec-01

19-May-99to7-Nov-00

9-Jun-99 to 3-Dec-Ol

19-May-99to3-Dec-01

9-Jun-99 only

19-May-99 only

9-Jun-99 only

*Assumed; actual sampling locations not provided on map.

I
..J
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3.4 Sediment Data

Sediment data are compiled for the SERA from three separate sources including E&E (1993), USEPA
(200 1 a) and RMC monthly sampling. A description of the sediment data from each source is provided in the
following text table.

Use of surface water data for the south diversion ditch in the SERA is limited to samples collected after ditch
bank modification. This limitation is not, however, placed on the use of sediment data. During reconstruction, '"\lj\\
UPCM did not disturb the bottom of the ditch bed (RMC, 200 la) thus the existing sediments were not ' '
disturbed and constraining use of the is not necessary.

As with the surface water data set, Silver Creek sediments are designated as either upstream or downstream
of the RFT Site using the same cut-off point for these reaches at the rail trail bridge located northeast of State
Highway 40 near the main embankment.

Ecology & Environment, Inc. (1993)

In August 1 992, E&E collected four sediment samples (RF-SD-0 1 to RF-SD-04) from the south diversion
ditch "wetlands" area located at the base of the main embankment and Silver Creek (Figure 3-5). Water flow
through this wetlands area is primarily from the south diversion ditch, although some seepage from the
impoundment area may influence the flow and chemistry (E&E, 1 993). Analytical results for these sediment
samples are provided in Table 3-9. Based on the ratios of chemicals in tailing^^ompared to those in the
wetlands sediments, E&E concluded that the sediments in the wetlands area are tailings material from the
impoundment (E&E, 1993).

USEPA (200 1 a) Watershed Sampling

EPA collected sediment samples from 16 locations in the Silver Creek watershed (Figure 3-7). These
samples were staggered across the watershed and co-located with specific surface water sampling sites to
determine the relative level of metals throughout the system and evaluate interactions with surface water
(USEPA, 200 la). At each location, both a surface and sub-surface (0- 1 2 inches) sample was collected and
analyzed for heavy metals. Data used in the SERA are limited to sampling stations on the lower reaches of
Silver Creek (USC- 1 , USC-2, USC-5, USC-6, USC-7) below Prospector Square. Analytical results for these
sediment samples are provided in Table 3-9.

RMC Monthly Sampling (RMC, 200 Ic)

In May 200 1, RMC sampled sediments at six locations (RF-SD-1 to RF-SD-6) along the length of the south
diversion ditch at a depth of 0 to 6 inches. Each sediment sample is designated by a blue 'X' in Figure 3- 1 .
These samples were collected to evaluate the long-term effectiveness of the wetland system to remove
metals in the water and to aid in the determination of the source of metals in water flowing from the diversion
ditch (RMC, 2001a). Analytical results for the south diversion ditch sediments are provided in Table 3-9.
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3.5 Seep Data

Because the main embankment is designed to allow water to seep from the impoundment to relieve hydraulic
pressure, it is likely that metals leach from tailings into groundwater at the RFT Site. At the RFT Site, a small
seep (flow of gallons per day) is located at the northern base of the main embankment (RMC, 2000a).
Currently, no water or sediment data exist for this seep.

3.6 Groundwater Data

[
/^coSince 1973, PCV and UPCM havecollectiHt groundwater data quarterly from monitoring wells MW-1, MW-

2, and MW-3 (RMC, 2000a). After their installation in 1976, PCV also began collecting groundwater from
wells MW-4, MW-5, MW-6. E&E began collecting additional groundwater data in 1984 from a well (RT-1)
installed up gradient of the main embankment. E&E also sampled the two existing down gradient monitoring
wells MW-1 and either MW-5 or MW-6 . [It is unclear as to which well, MW-5 or MW-6, was sampled.]
Well MW-2 was buried during the installation of wells MW-4, MW-5, MW-6 in 1976. The USEPA
contracted E&E in 1992 to collect ground water samples from three additional locations (RF-GW-04, RF-
GW-05, and RF-GW-09). The location of groundwater monitoring wells is provided on Figure 3-9.

Because measured seep concentrations are not available, measured concentrations from groundwater
monitoring wells at the base of the main embankment near the seep are used to estimate seep water
concentrations. Groundwater data is available for several site monitoring wells (MW-01, MW-03 through
MW-06) located at the base of the main embankment. In addition, data from an upgradient monitoring well
(RT-1) is used to estimate upgradient groundwater concentrations. The range of concentrations measured
for these monitoring wells are presented in Table 3-10.

3.7 Biological Tissue Data

At the time of the SERA, the analyses of contaminant concentrations in biological tissues (aquatic or
terrestrial) were not available from existing data reports and literature.

3.8 Summary of Analytical Data

Table 3-11 provides a summary of the analytical data available for the SERA. This table compares the
analytical parameters available for the environmental media sampled and analyzed. As previously described,
there are eight sources of sampling data including: RMC (2000a), EPA (1991); E&E (1993); EPA (200 la);
RMC(2001a); RMC (200 Ic); UPCM and STORET. These programs do not have one common list of
analytes for all environmental media. Table 3-11 provides a side-by-side comparison of the parameters
available for each media type from each source of sampling data.
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4.0 SCREENING LEVEL PROBLEM FORMULATION

Problem formulation is a systematic planning step that identifies the major factors to be considered in the
SEPvA (USEPA, 1997). The problem formulation includes an evaluation of the fate and transport of
contaminants of potential concern from waste sources to the receptors and identification of exposure
pathways for the receptors. These factors are combined to present a site-conceptual model. Assessment
endpoints are then defined and measurement endpoints developed that are the basis for the SERA. The site-
conceptual model for the RFT Site was developed based on the ecological site conceptual model presented
by RMC in the RI Sampling and Analysis Plan (RMC, 2001 a). The revised ecological site conceptual model
is described in the following subsections. Additions and changes made in comparison to the original model
is discussed in Section 4.4.

4.1 Site Conceptual Model

Figure 4-1 presents a screening level or preliminary ecological site conceptual model (SCM) which details
the significant pathways by which site-related contaminants may be transported to other environmental media.
The SCM also illustrates the exposure pathways by which ecological receptors may reasonably be exposed
to site-related contaminants. Exposure pathways are classified as follows:

• Pathways not complete - Incomplete exposure pathways (i.e., those that are not known to
occur) are shown as open boxes and are not evaluated in the SERA.

• Pathways complete but considered insignificant - Exposure pathways considered to be
complete but are considered to be insignificant compared to other exposure pathways.
These pathways are shown as boxes with vertical hatched lines and are not evaluated in the
SERA.

Pathways complete but risk evaluation impossible - Exposure pathways are complete, but
exposure and/or toxicity data are not available to evaluate risks These pathways are shown
as boxes with diagonal hatched lines and are not evaluated in the SERA.

• Exposure pathways complete - These exposure pathways are considered to be potentially
complete and are evaluated quantitatively in the SERA. These pathways are shown as dark
shaded boxes.

The following sections present a more detailed description of sources, transport and migration pathways and
exposure pathways for ecological receptors at the RFT Site.

4.1.1 Source Media

As presented in Section 3, contamination exists in several environmental media (surface water, sediment,
seep, and soil) at the RFT S ite. This contamination originated from a tailings impoundment and other tailings
deposits both inside and outside the main impoundment area (Figure 2-1). Currently both the main tailings
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impoundment and the tailings deposits outside of the impoundment are reported to be covered with a clay soil
cover cap (RMC, 200 Ib). However, recent mapping and sampling data suggest that some of these tailings
on and off the impoundment are not uniformly covered. As seen in Table 4-1, soil cover depths for the main
impoundment range from 3 inches to 11 feet (RMC, 200 Ib). Based on arsenic and lead concentrations for
the off-impoundment soil samples collected from 0 to 6 inches (Figure 4-2), the observed soil cover is shallow
in some areas south of the diversion ditch and absent in other locations. Although these two tailings sources
(on and off the impoundment) are separated spatially, the release mechanisms and resulting secondary source
medium and exposure media for ecological receptors are generally the same (Figure 4-1).

4.1.2 Migration Pathways (Release Mechanisms)

Contamination in a source medium can migrate and cause contamination in other parts of the environment
by pathways that involve either physical transport from one location to another. These transport processes
are referred to as release mechanisms. The potential release mechanisms from the source (tailings) to
secondary source media and exposure media for ecological receptors are depicted in Figure 4-1. These
include historical and current wind erosion, penetration of the soils cap (i.e.: burrowing animals, plant roots),
mixing of the cover soils with tailings, infiltration of rainwater and snowmelt, runoff associated with rainwater
and snowmelt, and leaching from soils as a result of infiltration of rainwater and snowmelt.

4.1.3 Secondary Source Media

Under dry conditions, particles of either tailings or cover material mixed with tailings can be eroded by wind
and transported to adjacent areas resulting in suspended soil/dust/tailings, or contamination of surrounding soil
with tailings or a mixture of soil cover and tailings.

The contaminants present in tailings and or soil can be transported by water from surface runoff into surface
water bodies (e.g., streams, wetlands and impoundments). This may result in deposition of contaminants
absorbed or adsorbed to soil particles as sediments. The dissolved contaminants migrating in runoff water
or deposited with sediments may be released to surface waters. Dissolved contaminants in soil may also
leach to groundwater, with subsequent transport to surface water as seeps and further possible transfer to
surface water or sediments.

Contaminants in surface water, sediment, soil, or seeps can enter the food chain if organisms and plants take
up or accumulate contaminants from these media into tissues, which are then consumed by other animals.

4.1.4 Potentially Exposed Receptors and Exposure Pathways

Ecological receptors may be potentially exposed to contaminants in any one of seven exposure media at the
RFT Site (Figure 4-1). These exposure media to which ecological receptors may be exposed include
suspended soil or dust particles, surface soil/tailings, terrestrial prey items (food chain), sediment, aquatic prey
items (food chain), surface water and seeps. The exposure pathways for ecological receptors to
contaminants in each of the exposure media are discussed separately in the following subsections.
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4.1.4.1 Suspended Soil and Dust

For ecological receptors, exposures to suspended soil and dust can occur via inhalation. Wind erosion of soil
can result in the suspension of dust and soil particles into the air which could be inhaled by receptors both on
and off the RFT Site. The exposure pathways that are judged to be potentially complete include:

• Inhalation of soil/tailings by birds and mammals
• Inhalation of soil/tailings by amphibians and reptiles

Exposure to suspended soil or dust particles via inhalation is a potentially complete pathway but is generally
considered insignificant for wildlife receptors (mammals and birds) in comparison to ingestion exposures.
Although airborne soil particulates could be inhaled by wildlife receptor, it is more likely that these respirable
particles (>5 um) will be ingested as a result of mucocilliary clearance (Witschi and Last, 1987). These
exposures are considered to be quantified through the incidental soil ingestion pathway. For amphibians and
reptiles inhalation and ingestion exposures are possible but there is no data available on the toxicity of either
inhaled or ingested contaminants to evaluate these pathways.

4.1.4.2 Surface Soil and Tailings

For ecological receptors, exposures to surface soil and tailings can occur via two pathways: direct contact
and incidental ingestion. Direct contact with tailings or soil mixed with tailings could occur in areas where
the soil cover is thin, where animals burrow through cover soils or where plant roots penetrate the soil cover
layer. Terrestrial receptors typically will not intentionally ingest large quantities of soil, however, some
incidental ingestion of soil and tailings along with food items does occur (especially in receptors that feed on
plants and soil invertebrates). The exposure pathways that are judged to be potentially complete include:

• Direct contact with surface soil/tailings by birds and mammals
• Direct contact with surface soil/tailings by plants and soil invertebrates
• Incidental ingestion of surface soil/tailings by birds and mammals

Dermal exposure to surface soil/tailings is a potentially complete pathway wildlife receptors (mammals and
birds) but is generally considered insignificant in comparison to ingestion exposures. For amphibians and
reptiles, dermal exposures are possible but there is no data available on the toxicity of dermally applied
contaminants to evaluate this pathway. The pathways that are quantitatively evaluated in the SERA are:

• Incidental ingestion of surface soil/tailings by birds and mammals
• Direct contact with surface soil/tailings by plants and soil invertebrates

Analytical data are currently available (see Section 3) for tailings, impoundment cover soils, off-impoundment
soils, and background soils for the RFT Site.
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4.1.4.3 Terrestrial Food Chain

Contaminants in soils can enter the terrestrial food chain if organisms (i.e.: soil invertebrates, plants and small
mammals) take up or accumulate contaminants from soils into tissues, which are then consumed by wildlife
receptors. The exposure pathways that are judged to be potentially complete include:

• Ingestion of terrestrial food items by birds and mammals
• Ingestion of terrestrial food items by reptiles

For amphibians and reptiles ingestion exposures to contaminants in the terrestrial food chain are possible but
there is no data available on the toxicity of ingested contaminants to evaluate this pathway. The pathways
that are quantitatively evaluated in the SERA are:

• Ingestion of terrestrial food items by birds and mammals

Because tissue concentrations are not available for terrestrial food items such as plants, terrestrial or soil
invertebrates, or wildlife species, soil concentrations for the RFT Site are used to estimate concentrations in
these food items. Use of estimated tissue data rather than measured data is a source of uncertainty in the
SERA. This uncertainty is discussed in Section 8 and the lack of terrestrial food chain data is further
discussed as a possible data gap in Section 9.

4.1.4.4 Surface Water

Contaminants in surface water may result from the discharge of contaminated groundwater, runoff from the
surface soils and tailings, disassociation of contaminants from sediments into surface water and the discharge
of contamination from seeps. The exposure pathways that are judged to be potentially complete for
contaminants in surface water include:

• Ingestion of surface water by aquatic receptors
• Ingestion of surface water by birds and mammals
• Ingestion of surface water by amphibians and reptiles

Direct contact with surface water by aquatic receptors
Direct contact with surface water by birds and mammals

• Direct contact with surface water by amphibians and reptiles

Exposures to contaminants in surface water by ingestion is potentially complete for amphibians, reptiles and
aquatic receptors (invertebrates and fish). Data, however, are not available to either estimate toxicity or
exposures related to the ingestion pathway for these receptors. Exposures for wildlife receptors (birds and
mammals) to contaminants in surface water by dermal contact is potentially complete, but is generally
considered insignificant in comparison to ingestion exposures. Exposures to contaminants in surface water
by dermal contact is potentially complete for reptiles. Data, however, are not available to either estimate
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toxicity or exposure for this exposure pathway. The remaining pathways for surface water that are
quantitatively evaluated in the SERA are:

Ingestion of surface water by birds and mammals
Direct contact with surface water by amphibians

• Direct contact with surface water by aquatic receptors

Analytical data are currently available for surface water for the RFT Site (see Section 3). These data are
divided into several surface water exposure locations (units). These include the north and south diversion
ditches, the unnamed drainages that flow into the south diversion ditch, ponded water areas, the wetlands
area, and Silver Creek.

4.1.4.5 Sediment

Contaminants in sediment may result from the discharge of contaminated groundwater, runoff and erosion
from surface soils and tailings, disassociation of contaminants from surface water into sediments and the
discharge of contamination from seeps. The exposure pathways that are potentially complete for
contaminants in sediment include:

• Incidental ingestion of sediment by aquatic receptors
• Incidental ingestion of sediment by birds and mammals

| • Incidental ingestion of sediment by amphibians and reptiles

Direct contact with sediment by benthic invertebrates
Direct contact with sediment by birds and mammals

• Direct contact with sediment by amphibians

Exposures to contaminants in sediment by ingestion are potentially complete for amphibians, reptiles and
aquatic invertebrates. Data, however, are not available to either estimate toxicity or exposures related to the
ingestion pathway for these receptors. Exposures for wildlife receptors (birds and mammals) to contaminants
in sediment by dermal contact is potentially complete but is generally considered insignificant in comparison
to ingestion exposures. Exposures to contaminants in sediment by dermal contact is potentially complete for
reptiles and amphibians. Data, however, are not available to either estimate toxicity or exposure for this
exposure pathway. The remaining pathways for surface water that are quantitatively evaluated in the SERA
are:

Incidental ingestion of sediment by birds and mammals
Direct contact with sediment by benthic invertebrates

Analytical data are currently available for sediment for the RFT Site (see Section 3). These data are divided
into several sediment exposure locations that correspond to surface water exposure areas. These include the
north and south diversion ditches, the unnamed drainages that flow into the south diversion ditch, ponded
water areas, the wetlands area, and Silver Creek.
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4.1.4.6 Aquatic Food Chain

Contaminants in surface water and sediment can enter the aquatic food chain if organisms (i.e.: benthic
macroinvertebrates, fish, etc.) take up or accumulate contaminants from these media into tissues, which are
then consumed by aquatic or wildlife receptors. The exposure pathways that are potentially complete include:

• Ingestion of aquatic food items by birds and mammals
• Ingestion of aquatic food items by aquatic receptors
• Ingestion of aquatic food items by amphibians and reptiles

For amphibians and reptiles ingestion exposures to contaminants in the aquatic food chain are possible but
there are no data available on the toxicity of ingested contaminants to evaluate this pathway for these
receptors. It is possible to evaluate ingestion exposures for fish to metals in food and sediment. The
exposures however are expected to be insignificant compared to direct contact exposures. This exposure
pathway will, however, be re-evaluated in the baseline risk assessment as more data becomes available on
specific receptors present at the RFT Site. Risks associated with body burdens of contaminants in aquatic
organisms (fish) will also be evaluated in the baseline risk assessment if fish tissue residue data becomes
available. The pathways that are quantitatively evaluated in the SERA for the aquatic food chain are:

• Ingestion of aquatic food items by birds and mammals

Because tissue concentrations are not available for aquatic food items such as benthic macroivertebrates or
fish, sediment concentrations for the RPT Site are used to estimate concentrations in these food items as
appropriate. Use of estimated tissue data rather than measured data is a source of uncertainty in the
screening assessment; this uncertainty is discussed in Section 8. The lack of aquatic food chain data is further
discussed in the data gaps analysis as Section 9.

4.1.4.7 Seeps

To alleviate water pressure at the impoundment, the containment system is constructed to allow water to seep
from the impoundment resulting in a seep area located at the toe of the main embankment. Although the
flow from the seep is intermittent and low and does not reach Silver Creek via overland flow, it does impact
the water chemistry in the wetlands area and it is still a potential exposure location for both aquatic and
terrestrial receptors. The exposure pathways to seeps that are potentially complete include:

• Ingestion of seep water by aquatic receptors
• Ingestion of seep water by birds and mammals

Ingestion of seep water by amphibians and reptiles

• Direct contact with seep water by aquatic receptors
• Direct contact with seep water by birds and mammals
• Direct contact with seep water by amphibians
• Direct contact with seep water by plants
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Exposures to contaminants in seep water by ingestion is potentially complete for amphibians, reptiles and
aquatic receptors (invertebrates and fish). Data, however, are not available to either estimate toxicity or
exposures related to the ingestion pathway for these receptors. Exposures for wildlife receptors (birds and
mammals) to contaminants in seep water by dermal contact is potentially complete, but is generally considered
insignificant in comparison to ingestion exposures. Exposures to contaminants in seep water by dermal
contact is potentially complete for reptiles. Data, however, are not available to either estimate toxicity or
exposure for this exposure pathway. The remaining pathways for surface water that are quantitatively
evaluated in the SERA are:

• Ingestion of seep water by birds and mammals
• Direct contact with seep water by amphibians
• Direct contact with seep water by aquatic receptors
• Direct contact with seep water by plants

Analytical data from the seep near the main embankment is not currently available. However, it is assumed
that seep concentrations are similar to groundwater concentrations measured in wells at the base of the main
embankment near the seep.

4.1.5 Changes to Previously Presented Model

The ecological site conceptual model presented as Figure 4-1 is based on site conceptual models presented
in the Remedial Investigation SAP (RMC, 200la - Figures 8a and 8b) with the following additions and
changes:

• Separate models were previously presented for on-impoundment and off-impoundment
areas. As the exposure pathways and receptors are similar on-impoundment versus off-
impoundment these two models were collapsed into one.

Separate models were previously presented for "upland" versus "wetland" areas. These two
areas are still considered in the current model but are not specifically mentioned. It was
necessary to elucidate expo sure path ways for terrestrial wildlife to both soils in wetland and
upland areas as well as surface water and sediments of wetland and stream habitats.

• Potential exposures to receptors to groundwater discharged as seep water and discharged
to surface water was added to the ecological site conceptual model.

• The previous models differentiated "potentially significant" pathways from "potential"
pathways. The current model identifies both as "potential" pathways. Those "potential"
pathways that can be quantified are evaluated hi the SERA.
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4.2 Selection of Contaminants of Potential Concern

Contaminants of Potential Concern (COPCs) are contaminants which exist in the environment at
concentrations that might be of potential concern to ecological receptors, and which are derived, at least in
part, from site-related sources. Exposure pathways and media of concern for ecological receptors are
identified and presented in the SCM (Figure 4-1). These exposure pathways and media of concern provide
the assumptions for evaluating the appropriate media and receptors in the SERA. The purpose of the COPC
selection procedure is to eliminate contaminants that are clearly not of potential ecological concern, and to
carry forward those contaminants that might be of concern. The principal steps in eliminating or retaining
a contaminant as an ecological COPC are described in Section 4.2.1 and are depicted in Figure 4-3. The
results of the screening process are described in Section 4.2.2.

4.2.1 Screening Steps

4.2.1.1 Eliminate Contaminants Never Detected

In accord with USEPA (1989), a contaminant is a candidate for elimination from the quantitative risk
assessment if it is detected infrequently or if there is no reason to believe that the contaminant may be present
(i.e., when a contaminant is not site-related). Using this logic, a contaminant never detected in a media is
eliminated from the quantitative risk assessment.

For contaminants that have never been detected, it is important to evaluate the adequacy of the detection .
")

limits for the available data. If the maximum detection limit for a contaminant is above available toxicity . ' , . .
benchmarks, it should be evaluated qualitatively and identified as a source of uncertainty. It is assumed that
these contaminants would only have a negligible effect on risk levels and would not likely result in a significant '•>
underestimate of risk. ;

4.2.1.2 Retain Contaminants Detected that are Bioaccumulative

Contaminants considered to be bioaccumulative are retained as COPCs if they are detected regardless of
frequency of detection. Bioaccumulative contaminants of concern (BCCs) are defined as part of the Great
Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria. There are 22 listed BCCs, of which one
contaminant —mercury— is detected at the RFT Site. Therefore, mercury is retained as a COPC. There are
no other detected contaminants that are defined as bioaccumulative.

4.2.1.3 Eliminate Contaminants Detected Infrequently

In accord with USEPA (1989), a contaminant is a candidate for elimination from the quantitative risk
assessment if it is detected infrequently. If a contaminant is detected infrequently (detection frequency is less
than five percent), the contaminant is considered to be of little concern, but is evaluated qualitatively and
identified as a source of uncertainty.
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4.2.1.4 Eliminate Contaminants that are Considered to be Physiological Electrolytes

Several of the analytes measured in environmental media are considered to be essential physiological
electrolytes for birds, mammals, plants and/or soil invertebrates. These analytes are eliminated as COPCs
and include calcium, iron, magnesium, potassium, and sodium. Physiological electrolytes are not carried
forward in the SERA.

4.2.1.5 Eliminate Contaminants Detected at Concentrations less than Background

This step involves comparing site contaminant concentrations to reference or background concentrations.
Background for the purposes of the SERA are upgradient (upstream) concentrations of metals; those
concentrations that do not represent contamination from the site. It is important to note that these samples
are representative of anthropogenic, non-site related levels, they do not represent "pristine" (not influenced
by human activity) environmental levels. In instances where the number of samples (N) is less than five, the
reference data set is considered to be too small and a reference comparison is not made.

For the RFT Site, soil background samples were collected from eleven areas surrounding the site identified
as not affected by wind-blown tailings. However, most (9 of 11) samples were only analyzed for arsenic and
lead, and only two samples were analyzed for all RCRA metals. In addition, although sampling locations were
selected from areas thought not to be affected by tailings, sampling location BG11 was later found to have
been inadvertently placed near tailings. Because of the limited number of samples, limited number of analytes
and the uncertainty in the representativeness of the data as "background", the background comparison
screening step is not included as part of the COPC screening process for the SERA.

4.2.1.6 Eliminate Contaminants with Maximum Concentrations less than an Established Level of Concern

This step involves comparing the maximum detected contaminant concentration in an exposure medium to
an appropriate ecologically-based screening level. If the maximum detected value is less than the screening
level, the contaminant does not pose a potential risk and is eliminated as a COPC. If no ecologically-based
screening level is available, the constituent is retained as a COPC. Separate screening processes are
completed for aquatic and terrestrial receptors, resulting in two separate lists of COPCs.

COPC Selection Process for Aquatic Receptors. Surface water screening benchmarks for aquatic
receptors are based on chronic ambient water quality criteria (AWQC) for both dissolved and total
recoverable metals. AWQC values are derived from data for a wide range of aquatic species, and are
intended to protect at least 95% of aquatic receptor (benthic invertebrate, plant, and fish) species from
unacceptable adverse effects. Sediment screening benchmarks for benthic invertebrates are identified from
Ingersoll et al. (1996) and Long and Morgan (1991). Screening benchmarks for surface water and sediment
are listed in Table 4-2.

COPC Selection Process for Terrestrial Wildlife. Terrestrial wildlife screening benchmarks were identified
from Sample et al. (1996), Pedigo et al. (1988), and Skorupa (1998). These benchmarks represent
contaminant concentrations in drinking water and diet that are not expected to be associated with adverse
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effects to wildlife species. The screening benchmarks derived by Sample et al. (1996) are presented for 20
wildlife species. The lowest benchmark concentrations were selected for use in the screening process.
Drinking water benchmarks were used to screen surface water data, while the dietary benchmarks were used
to screen sediment and soil data. The use of the dietary benchmarks for sediment and soil screening is
conservative, as the rate of incidental ingestion by wildlife is expected to be much lower than that for the diet.
These screening benchmarks are summarized in Table 4-3. •

4.2.2 Application of COPC Selection Methodology

4.2.2.1 Surface Water

The available surface water data are discussed in Section 3. The surface water data set includes samples
from the south diversion ditch, the unnamed drainages that flow into the south diversion ditch, ponded water
areas, and Silver Creek (Figure 2-1). Tables 4-4 and 4-5 summarize the COPC selection for surface water
at the RFT Site for aquatic and terrestrial receptors, respectively. As seen, the left side of each table lists
for each of the analytes: the number of detections, the number of samples, the detection frequency, and the
mean and maximum concentrations for non-detects and detects.

COPCs for Aquatic Receptors. The results of the surface water COPC selection process for aquatic
receptors are summarized in Table 4-4 for dissolved and total recoverable metals. Seventeen contaminants
are identified as COPCs in surface water for aquatic receptors including aluminum, antimony, arsenic, barium,
beryllium, boron, cadmium, chromium, cobalt, copper, cyanide, lead, manganese, mercury, selenium, silver and
zinc. Potential risks for aquatic receptors associated with these COPCs are evaluated further in the risk
characterization sections of this SERA.

COPCs for Terrestrial Receptors. Table 4-5 provides the results of the surface water COPC selection
process for terrestrial receptors. Six contaminants are identified as COPCs in surface water for terrestrial
wildlife receptors: arsenic, lead, mercury, selenium, silver and zinc. Potential risks for this COPC are
evaluated further in the risk characterization sections of this SERA.

4.2.2.2 Sediment

The available sediment data are discussed in Section 3. The sediment data set includes samples from the
south diversion ditch, the wetland area, and Silver Creek (Figure 2-1). Tables 4-6 and 4-7 summarize the
COPC selection for sediments at the RFT Site for aquatic and terrestrial receptors, respectively. As seen,
the left side of each table lists for each of the analytes: the number of detections, the number of samples, the
detection frequency, and the mean and maximum concentrations for non-detects and detects.

COPCs for Benthic Invertebrates. The results of the sediment COPC selection process for benthic
invertebrates are summarized in Table 4-6. Eighteen contaminants are identified as COPCs in sediment for
aquatic receptors, including aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt,
copper, lead, manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc. Potential risks for
these COPCs are evaluated further in the risk characterization sections of this SERA.
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COPCs for Terrestrial Receptors. Table 4-7 provides the results of the sediment COPC screen for
terrestrial receptors. Seventeen contaminants are identified as COPCs in sediment for terrestrial wildlife
receptors, including aluminum, antimony, arsenic, barium, cadmium, chromium, cobalt, copper, lead,
manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc. Potential risks for these COPCs
are evaluated further in the risk characterization sections of this SERA.

4.2.2.3 Soils and Tailings

The available data sets for tailings and soils are discussed in Section 3. Site tailings, cover soils (both on and
off the impoundment), and the background soils were combined into one data set for the purposes of the
COPC screen. Table 4-8 summarizes the COPC selection for soils and tailings at the RFT Site for terrestrial
receptors. As seen, the left side of the table lists for each of the analytes: the number of detections, the
number of samples, the detection frequency, and the mean and maximum concentrations for non-detects and
detects.

COPCs for Terrestrial Receptors. Table 4-8 provides the results of the soils and tailings COPC screen for
terrestrial receptors. Twelve contaminants are identified as COPCs in soils and tailings for terrestrial wildlife
receptors, including aluminum, antimony, arsenic, barium, cadmium, chromium, copper, lead, mercury,
selenium, silver, and zinc. Potential risks for these COPCs are evaluated further in the risk characterization
sections of this SERA.

4.2.3 Summary

The exposure pathways selected for quantitative evaluation in the SERA including the following:

Aquatic Receptors

• Direct contact with surface water and seep water for fish and benthic invertebrates
Direct contact with sediments by benthic invertebrates

Amphibians

• Direct contact with surface water and seep water

Birds & Mammals

• Ingestion of surface water and seep water
• Ingestion of terrestrial and aquatic food items
• Incidental ingestion of sediment and soil and/or tailings

Terrestrial Plants & Soil Fauna

• Direct contact with soil and/or tailings
Direct contact with seep water
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The COPCs selected for each of these exposure pathways and media of concern based on the SCM (Figure
4-1) are summarized in the following text table:

Summary of COPCs Selected for Evaluation in the SERA

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Cyanide
Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

Surface Water

Aquatic
Receptors

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X

Terrestrial
Receptors

X

X

X

X
X

X

Sediment

Aquatic
Receptors

X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X

Terrestrial
Receptors

X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X

Soil&
Tailings

Terrestrial
Receptors

X
X
X
X

X
X

X

X

X

X
X

X

Total COPCs 77 | 6 | 18 17 12

J

4.3 Identification of Assessment and Measurement Endpoints

4.3.1 Identified Goals for the Screening Ecological Risk Assessment

The overall management goal for ecological health at the RFT Site is stated as the following:

Ensure adequate protection of ecological systems within the impacted areas of the Richardson
Flat Tailings Site by protecting them from the deleterious effects of acute and chronic
exposures to site-related contaminants of concern.

In order to provide specificity regarding this general goal and identify specific measurable ecological values
to be protected, the following list of sub-goals was derived:
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• Ensure adequate protection of terrestrial soil fauna and plant communities, including native plant
communities, by protecting them from the deleterious effects of acute and chronic exposures to site-
related contaminants of concern.

Ensure adequate protection of aquatic and amphibian life in Silver Creek, the site diversion ditches
and wetlands areas from the deleterious effects of acute and chronic exposures to site-related
contaminants of concern.

• Ensure adequate protection of terrestrial mammal and bird populations by protecting them from the
deleterious effects of acute and chronic exposures to site-related contaminants of concern.

Ensure adequate protection of threatened and endangered species (including candidate species) and
species of special concern and their habitat by protecting them from the deleterious effects of acute
and chronic exposures to site-related contaminants of concern.

(Note: "Adequate" protection is generally defined as protective of growth, reproduction, and
survival of local populations.)

4.3.2 Identification of Assessment and Measurement Endpoints

Assessment endpoints are explicit statements of the characteristics of the ecological system that are to be
protected. Assessment endpoints are either measured directly or are evaluated through indirect measures.
Measurement endpoints represent quantifiable ecological characteristics that can be measured, interpreted,
and related to the valued ecological components chosen as the assessment endpoints (USEPA, 1992; 1997).

The following assessment and measurement endpoints are used to interpret potential ecological risks for the
RFT Site for the SERA. In some cases, more than one measurement endpoint is identified for a particular
assessment endpoint. These instances permit a weight-of-evidence approach to be used in risk
characterization. In other cases, a measurement endpoint may be relevant to more than one assessment
endpoint.

Assessment Endpoint

Protection of terrestrial plants and soil fauna from adverse
effects related to exposure to COPCs in surface soil.

Protection of benthic invertebrates, fish and amphibians
from adverse effects related to exposure to COPCs in surface
water and sediment.

Protection of terrestrial wildlife from adverse effects to
growth, reproduction or survival related to exposure to
COPCs in surface water, sediment, soil, and food items.

Measurement Endpoint

Comparison of COPC concentrations in soil to
terrestrial toxicity benchmarks.

Comparison of sampling location-specific COPC
concentrations in surface water and sediment to
aquatic toxicity benchmarks.

Comparison of the predicted average daily doses of
COPCs from surface water, sediment, and food to
toxicity reference values.
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5.0 SCREENING LEVEL EXPOSURE ASSESSMENT

5.1 Aquatic Receptors

5.1.1 Surface Water

Aquatic receptors (benthic invertebrates, plants, fish and amphibians) are potentially exposed to COPCs in
surface water via direct contact. The exposure point concentration (EPC) for aquatic receptors to COPCs
in surface water is either the 95111 upper confidence limit (95UCL) of the mean or the maximum concentration,
whichever is lower. For some locations, limited samples are available; at these locations the EPC is usually
equal to the maximum measured concentration. COPCs that are non-detects (U qualified; below the
detection limit) are evaluated at one-half the reported detection limit in the calculation of the EPC. For the
purposes of the SERA, direct contact exposures with surface water are evaluated on a sampling location-
specific basis. The location specific EPCs for each COPC by sampling location are listed in Table 5-1.
These EPCs are compared to toxicity benchmarks identified in Section 6.1.1 for benthic invertebrates and
fish and Section 6.2 for amphibians to identify potential risks for each, respectively in Section 7.1.1 and 7.2.1.

5.1.2 Sediment

Benthic invertebrates are potentially exposed to COPCs in sediment via direct contact. The EPC for benthic
. invertebrates to COPCs in sediments is either the 95th upper confidence limit (95UCL) of the mean or the
Jf maximum concentration, whichever is lower. For some locations, only one or a limited number of samples

are available; therefore the EPC is usually equal to the maximum measured concentration. COPCs that are
non-detects (U qualified; below the detection limit) are evaluated at one-half the reported detection limit in
the calculation of the EPC. For the purposes of the SERA, direct contact exposures with sediment are
evaluated on a sampling location-specific basis. The location specific EPCs for sediment for each COPC by
sampling location are listed in Table 5-2. These EPCs are compared to toxicity benchmarks identified in
Section 6.1.2 to identify potential risks for aquatic receptors in Section 7.1.1.2.

5.1.3 Seeps

Benthic invertebrates and amphibians are potentially exposed to COPCs in seep water via direct contact. The
EPC for benthic invertebrates and amphibians to COPCs in seep water is either the 95th upper confidence
limit (95UCL) of the mean or the maximum concentration, whichever is lower. COPCs that are non-detects
(U qualified; below the detection limit) are evaluated at one-half the reported detection limit in the calculation
of the EPC. For the purposes of the SERA, direct contact exposures with seep water are evaluated for each
monitoring well (groundwater data used to estimate seep concentrations). The EPCs for each COPC by
monitoring well are listed in Table 5-3. These EPCs are compared to toxicity benchmarks identified in Section
6.1.1 for benthic invertebrates and fish and Section 6.2 for amphibians to identify potential risks for each,
respectively in Section 7.1.3 and 7.2.2 .

J
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5.2 Terrestrial Plants and Soil Fauna

5.2.1 Soils
Terrestrial plants and soil invertebrates are potentially exposed to COPCs in soils via direct contact.
Exposures for these receptors are evaluated on a sampling location-specific basis. The EPC for plants and
soil invertebrates is equal to the average concentration across all depths at each sampling location for each
COPC. The EPCs are listed for each soil sampling location in Appendix F. The EPC for each COPC for
each sampling location is compared to toxicity benchmarks for terrestrial plants and soil invertebrates
presented in Sections 6.3 and 6.4, respectively, to identify potential risks for these receptors from direct
contact with COPCs in soil in Sections 7.3 and 7.4.

5.2.2 Seeps

Terrestrial plants are potentially exposed to COPCs in seeps via direct contact. Exposures are evaluated for
each monitoring well used to estimate seep water concentrations. The EPC for each COPC in seep water
(groundwater) is equal to the 95th upper confidence limit (95UCL) of the mean or the maximum concentration,
whichever is lower. COPCs that are non-detects (U qualified; below the detection limit) are evaluated at
one-half the reported detection limit in the calculation of the EPC. The EPCs are listed for each groundwater
well in Table 5-3. The EPC for each COPC for each sampling location is compared to aqueous toxicity
benchmarks for terrestrial plants in Sections 6.3.2 to identify potential risks forplants exposed to COPCs in
seep water in 7.3.2.

5.3 Wildlife

Wildlife species may be exposed to COPCs by ingestion of surface water, seep water, sediments,, soils and
food items that have taken up contaminants into their tissues. Exposures for wildlife receptors to each
environmental medium of concern are assessed for five exposure areas at the RFT Site (Figure 2-1) including:

• Upstream Silver Creek,
• Downstream Silver Creek,
• The south diversion ditch,
• Ponded water areas on the impoundment, and
• Unnamed drainages which flow into the south diversion ditch.

The following subsections describe how wildlife species are selected for evaluation and how COPC exposure
doses are estimated for wildlife for each exposure medium for each exposure area.

5.3.1 Identification of Representative Wildlife Species

It is not feasible to evaluate exposures and risks for each avian and mammalian species potentially present
within the study area. For this reason, specific wildlife species are identified as representative wildlife species
for the purpose of estimating quantitative exposures (doses) in the SERA. The representative species are
wildlife species that are potentially present within the Site area and are representative of other species with
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similar dietary preferences and feeding guilds. Selection criteria for representative wildlife species includes
trophic level, feeding habits, and die availability of life history information. Representative wildlife receptors
selected for the RFT Site are summarized in the following text table.

$r

Summary of Representative Wildlife Receptors

Type

Small
Mammalian
Omnivores

Small
Mammalian
Insectivores

Mammalian
Carnivores

Mammalian
. Piscivores

(rrSmall Avian
uiy Insectivores

v__- —
Small Avian
Herbivores

Small Avian
Omnivores

Avian
Carnivores

Avian
Piscivores

Species

Deer Mouse
(Peromvscus
maniculatus)

Masked Shrew
(Sorex cinereus)

Red Fox
( Vulpes vulpes)

Mink
(Mustekt visoit)_

Mallard Duck
(Anas platyrhynchos)

Greater-Sage Grouse
(Centrocercus
urophasianus)

American Robin
( Turdus migratorius)

American Kestrel
(Falco sparverius)

Belted Kingfisher
(Cetyle alcyon)

Represents

Small mammalian terrestrial omnivore receptors ingesting terrestrial
food items (vegetation & terrestrial invertebrates), soil, and surface
water.

Small mammalian terrestrial insectivore receptors ingesting terrestrial
food items (soil invertebrates), soil, and surface water.

Mammalian carnivore receptors ingesting terrestrial food items (small
mammals), soil, and surface water.

Mammalian piscivore receptors ingesting aquatic food items (fish),
sediment, and surface water..- — _^___^^

Avian insectivore receptors ingesting aquatic food items (benthic
invertebrates), sediment, and surface water.

... •— • —

Small avian terrestrial herbivore receptors ingesting terrestrial food
items (vegetation), soil, and surface water.

Avian omnivore receptors ingesting terrestrial food items
(vegetation & soil invertebrates), soil, and surface water.

Avian carnivore receptors ingesting terrestrial food items (small
mammals), soil, and surface water.

Avian piscivore receptors ingesting aquatic food items (fish),
sediment, and surface water.

Some species-specific factors are needed to estimate doses of COPCs including body weight, ingestion rates,
and dietary composition. These wildlife exposure factors are derived largely from the Wildlife Exposure
Factors Handbook (USEPA, 1993a and b). The exposure factors including derivation and sources are
provided as Appendix B. A summary of the exposure factors selected for the selected wildlife receptors is
provided in Table 5-4.

J
SERA for Richardson Flat Tailings 5 - 3 February 2002



DRAFT

I

5.3.2 Estimation of Doses Associated with Ingestion of Surface Water or Seep Water

Exposures to COPCs in surface water are quantified based on the following equation:

IP v/"1'*w*lw XAUF
BW

where:

IRSW = Ingestion rate of surface water or seep water for the receptor of interest
(L/day);

Csw = Concentration of COPC in sediment (mg/L);
AUF = Area Use Factor; and
BW = Body weight of the receptor of interest (kg wet weight).

Csw is equal to the EPC of each COPC for surface water within each exposure area. The EPC is equal
to either the 95th upper confidence limit (95UCL) of the mean or the maximum concentration, whichever
is lower. COPCs that are non-detects (U qualified; below the detection limit) are evaluated at one-half
the reported detection limit in the calculation of the EPC. The surface water EPC concentrations for
each COPC by exposure area are listed in Table 5-5. These EPC concentrations are compared to
toxicity reference values (TRVs) calculated for wildlife in Section 6.5 to estimate risks for wildlife for
ingestion of COPCs in surface water in Section 7.5.1 and seep water in Section 7.5.3. The AUF for each
wildlife species is conservatively assumed to be 100%.

5.3.3 Estimation of Doses Associated with Ingestion of Sediments

Exposures to COPCs in sediment are quantified based on the following equation:

xAUF
BW

where:
IR,.ed = Ingestion rate of sediment for the receptor of interest (kg dry weight/day);
Csed = Concentration of COPC in sediment (mg/kg dry weight);
AUF = Area Use Factor; and
BW = Body weight of the receptor of interest (kg wet weight).

Csed is equal to the EPC for each COPC for sediment within each exposure area. The EPC is equal to
either the 95th upper confidence limit (95UCL) of the mean or the maximum concentration, whichever is
lower. COPCs that are non-detects (U qualified; below the detection limit) are evaluated at one-half the
reported detection limit in the calculation of the EPC. The sediment EPC concentrations for each COPC
by exposure area are listed in Table 5-6. These EPC concentrations are compared to toxicity reference

_
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values (TRVs) calculated for wildlife in Section 6.5 to estimate risks for wildlife for ingestion of COPCs
in sediment in Section 7.5.2. The ALTF for each wildlife species is conservatively assumed to be 100%.

5.3.4 Estimation of Doses Associated with Ingestion of Soils/Tailings

Exposures to COPCs in soil/tailings are quantified based on the following equation:

xAUFsese BW

where:
IR^ii = Ingestion rate of soil for the receptor of interest (kg dry weight/day);
Csoi, = Concentration of COPC in soil (mg/kg dry weight);
AUF = Area Use Factor; and
BW = Body weight of the receptor of interest (kg wet weight).

Csoi, is equal to the EPC of each COPC for soil/tailings at each exposure area. The AUF for each
wildlife species is conservatively assumed to be 100%. The estimated doses for exposure to COPCs in
soil/tailings are calculated for each representative wildlife species and presented in Section 6. The
estimated doses are compared to dietary ingestion TRVs in Section 6.2 to characterize risks.

Csed is equal to the EPC for each COPC for soil within each exposure area. The EPC is equal to either
the 95Ih upper confidence limit (95UCL) of the mean or the maximum concentration, whichever is lower.
COPCs that are non-detects (U qualified; below the detection limit) are evaluated at one-half the reported
detection limit in the calculation of the EPC. The soil EPC concentrations for wildlife for each COPC by
exposure area are listed in Table 5-7. These EPC concentrations are compared to toxicity reference
values (TRVs) calculated for wildlife in Section 6.5 to estimate risks for wildlife for ingestion of COPCs
in soil in Section 7.5.4. The AUF for each wildlife species is conservatively assumed to be 100%.

5.3.5 Estimation of Doses Associated with Ingestion of Food Items

Dietary exposures are possible for terrestrial wildlife by ingestion of terrestrial food chain items (soil
invertebrates, plants, birds and mammals) and/or ingestion of aquatic food chain items (plants, benthic
invertebrates, and fish). For the SERA, five food types are included in the wildlife exposure model
including aquatic invertebrates, fish, terrestrial vegetation, soil invertebrates and small mammals.

The dietary intake of a COPC for each representative species is estimated by the following equation:

^ IRiood x £(C/00rf, x dfi)
Dose Me, = - — - - —

BW

IRfood = Ingestion rate of food for the receptor of interest (kg dry weight/day);
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Concentration of COPC in food type "i" (aquatic invertebrate, fish, plant or soil
invertebrate) (rag/kg wet weight);
Dietary fraction (proportion in the diet) of food type "i" (unitless) for the
receptor of interest;
Body weight for the receptor of interest (kilograms).

For the SERA, measured biological tissue data is not available; therefore, the calculation of dietary
exposure concentrations and doses for wildlife receptors is based on estimated tissue concentrations using
bioaccumulation factors (BAFs) for each COPC for each media of concern. Cfood is equal to the
estimated concentration of each COPC in biota within each exposure area. The estimated concentrations
of COPCs in food items are based on the EPC concentrations in the respective environmental media
(surface water, sediment or soil). The EPC concentrations in food items are listed in Table 5-8. The
following subsections describe how concentrations of COPCs in food items are estimated and doses for
wildlife calculated for each food item.

5.3.5.1 Benthic Invertebrates and Fish

In order to evaluate food chain exposures for terrestrial wildlife consuming aquatic receptors (benthic
invertebrates and fish) at the RPT Site it is necessary to estimate tissue concentrations. Metal tissue
concentrations in benthic invertebrates are estimated using equations that estimate the bioaccumulation of
inorganic elements into freshwater invertebrate tissues from sediment. These biota-sediment

1 accumulation factors (BSAFs) focus primarily on invertebrates with terrestrial adult stages (i.e.: mayflies)
or are prey items for fish (i.e.: amphipods, tubificid worms) and are intended for use in screening level
ecological risk assessments to determine the need for further evaluation (BJC, 1998). Based on the
model recommendations, the 90th percentile BSAF based on both depurated and non-depurated organisms
is used to derive benthic tissue concentrations from sediment.

Parameter

Arsenic
Cadmium
Chromium

Cobalt
Copper
Lead

Mercury
Nickel
Zinc

90th Percentile
BSAF

0.69
41.55
0.468
5.25

23.87
0.607
2.868
2.32

7.527

[cone in benthic dw] = BSAF * [cone in sediment dw]

Estimated tissue concentrations in benthic invertebrates, based on sediment EPC concentrations, are
calculated for each exposure area in Appendix C. A summary of these concentrations are provided in
Table 5-8. These concentrations are used to estimate doses for wildlife consuming benthic invertebrates.

SERA for Richardson Flat Tailings 5 - 6 February 2002



DRAFT

The doses are provided in Appendix C. The doses are compared to TRVs from Section 6.5 to
characterize risks for wildlife receptors from the ingestion of benthic invertebrates in Section 7.5.5.1.

Metal tissue concentrations in fish tissue are assumed, conservatively, to be equal to sediment
concentrations. This is assumed to represent both uptake from surface water and sediments. The actual
extent of bioaccumulation of metals from surface water and sediments into fish tissue is dependant on
multiple site-specific factors that are difficult to model.

Estimated tissue concentrations in fish, based on sediment EPC concentrations are calculated for each
exposure area in Appendix C. A summary of these concentrations are provided as Table 5-8. These
concentrations are used to estimate doses for wildlife consuming fish. The doses are provided in
Appendix C. The doses are compared to TRVs from Section 6.5 to characterize risks for wildlife
consuming fish in Section 7.5.5.2.

5.3.5.2 Terrestrial Plants

In order to evaluate food chain exposures for wildlife consuming terrestrial plants, plant tissue
concentrations are estimated for each exposure area using equations that estimate the bioaccumulation of
inorganic elements into terrestrial plant tissues based on soil concentrations. Bechtel Jacobs Company
(BJC) (1998) reviewed available literature for collocated soil and plant data to derive empirical models for
the uptake of metals from soil to plants. BJC (1998) concluded that for ecological risk assessments, a
single-variable regression model better estimates plant tissue concentrations from soil concentrations than
use of a single uptake factor. For several inorganic elements (such as cadmium, mercury, selenium, and
zinc), a multiple regression model that includes pH is preferred. Unfortunately, data regarding soil pH is
not available at the RFT Site, therefore all plant tissue estimates are calculated using the single-variable
regression model.

Parameter

Arsenic

Cadmium
Copper

Mercury

Lead

Selenium

Zinc

Bo

-1.992

-0.476
0.669

-0.996

-1.328

-0.678

1.575

B,
0.564

0.546
0.394

0.544

0.561
1.104

0.555

R2

0.145
0.447
0.314
0.598

0.243

0.633

0.402

ln(plant) = B0 + B, * In(soil)
where all concentrations are expressed as mg/kg dw

Estimated tissue concentrations of COPCs in plants based on soil EPC concentrations are calculated in
Appendix C. A summary of these concentrations are provided in Table 5-8. These concentrations are
used to estimate doses for wildlife consuming plants. The doses are provided in Appendix C. These
doses are compared to TRVs from Section 6.5 to characterize risks for wildlife receptors from the
ingestion of plants in Section 7.5.5.3.
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5.3.5.3 Terrestrial Invertebrates (Earthworms)

In order to evaluate food chain exposures from soil invertebrates, earthworm tissue concentrations are
estimated for each exposure area using bioaccumulation models derived by Sample et al. (1998a).
Sample et al. (1998a) developed a database of soil and earthworm tissue concentrations for several
inorganic and organic chemicals based on 32 studies from 11 countries and 5 states. For almost all
inorganic elements, a single-variable regression model provides the best estimates of earthworm tissue
concentrations. For cadmium and lead, a multiple regression model including soil calcium improved the
model fit. Measured data regarding soil calcium, however is not available for most soil samples collected
at the RFT Site, therefore all earthworm tissue estimates are calculated using the single-variable
regression model. No model is identified to accurately predict chromium or nickel concentrations in
earthworm tissue.

Parameter

Arsenic

Cadmium
Copper

Mercury a

Lead
Selenium b

Zinc

Bo

-1.421

2.114
1.675

0.0781
-0.218
-0.075

4.449

B,
0.706

0.795
0.264

0.3369
0.807

0.733

0.328

R2

0.26
0.67
0.18
0.51
0.8

0.43

0.45
In(earthworm) = B0 + B, * In(soil)

where all concentrations are expressed as mg/kg dw
a Based on model data only, validation data excluded
b Based on data set with outlier excluded

Tissues concentrations of COPCs in earthworms are estimated for each exposure area based on the EPC
values for soil. The calculations are provided as Appendix C and the results are summarized in Table 5-i
These concentrations are used to calculate doses for wildlife species consuming soil invertebrates for
each exposure area. These calculations are provided in Appendix C. The doses are compared to TRVs
calculated in Section 6.5 to estimate risks for wildlife consuming soil invertebrates in Section 7.5.5.4.

5.3.5.4 Small Mammals

J

In order to evaluate food chain exposures for wildlife species consuming small mammals, tissue
concentrations are estimated for each exposure area using bioaccumulation models derived by Sample et
al. (1998b). Sample et al. (1998b) developed a database of soil and small tissue concentrations for 14
inorganic and 2 organic chemicals based on 20 different studies. Small mammal species are divided into 3
trophic feeding groups based on diet - herbivore, insectivore, and omnivore. If sufficient data were
available for each trophic group (N>4), trophic-group-specific regression models were developed based
on whole body tissue concentrations. If there was insufficient data or if trophic-group-specific models
were not reliable, general regression models, which included all trophic group data were developed. For
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most inorganic elements, a single-variable regression model was used to estimate small mammal tissue
concentrations. For barium and mercury in all trophic groups and for chromium and copper in herbivores,
the estimated tissue concentration was based on the median uptake factor.

Parameter

Arsenic

Barium

Cadmium

Chromium

Copper

Mercury

Lead

Selenium
Zinc

Trophic Group

Insectivore
Herbivore
Omnivore

All
Insectivore
Herbivore
Omnivore

Insectivore &
Omnivore
Herbivore
Insectivore
Herbivore
Omnivore

All
Insectivore
Herbivore
Omnivore

All
All

Equation used for Estimation

General
Trophic-group regression
Trophic-group regression
Median general UF
Trophic-group regression
Trophic-group regression
Trophic-group regression

General

Median trophic group UF
Trophic-group regression
Median trophic group UF
Trophic-group regression
Median general UF
Trophic-group regression
Trophic-group regression
General
General
General

Bo

-4.8471
-5.6531
-4.5796

-
0.815

-1.2571
-1.5383

-1.4599

-
2.1042

-
1.4592

-
0.4819
-0.6114
0.0761
-0.4158
4.4713

B,

0.8188
1.1382
0.7354

-
0.9638
0.4723
0.566

0.7338

-
0.1783

-
0.2681

-
0.4869
0.5181
0.4422
0.3764
0.0738

Median
Uptake
Factor

--
-
—

0.0168
—
—
-

-

0.0774
--

0.0525
-

0.0543
—
—
-
-
-

R2

0.52
0.72
0.41

—
0.53
0.64
0.63

0.42

-
83
-

0.48
-

0.53
0.68
0.37
0.31
0.13

ln(small mammal) = B0 + B, * In(soil)
small mammal = median uptake factor * soil

where all concentrations are expressed as mg/kg dw

Tissue concentrations of each COPC for each exposure area are estimated based on the soil EPC values.
The calculations are provided in Appendix C. A summary of the concentrations by exposure area are
listed in Table 5-8. These concentrations are used to estimate doses for wildlife consuming small
mammals. The calculations are provided in Appendix C. The doses are compared to TRY values
calculated in Section 6.5 to estimate risks for wildlife consuming small mammals in Section 7.3.5.5.
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6.0 SCREENING LEVEL EFFECTS ASSESSMENT

Potential risks for ecological receptors are estimated in the SERA based on the Hazard Quotient (HQ)
approach. The exposure concentrations (or doses) identified in Section 5 are compared to respective
toxiciry screening benchmarks to calculate an HQ value. If the HQ is less than or equal to one, then no
potential for adverse effects is expected. If the HQ exceeds one, adverse effects are possible. This
section identifies the toxicity screening benchmarks for each receptor for each exposure medium.

6.1 Toxicity Benchmarks for Aquatic Receptors

6.1.1 Screening Benchmarks for Surface Water and Seeps

The USEPA has derived acute 24-hour and chronic 4-day Ambient Water Quality Criteria (AWQC)
values for a number of metals in surface water, including each of the metals of potential ecological
concern at the RFT Site (USEPA, 1985b-e; USEPA, 1987; USEPA, 1996; USEPA, 200 Ib). These
AWQC values are based on thorough review of available toxicological information and toxiciry testing on
the effects of the metal on aquatic receptors (including benthic invertebrates, fish, and aquatic plants), and
each criterion is intended to protect 95% of the aquatic genera for which toxiciry data are available
(USEPA, 1985a).

An important characteristic of AWQC values is that many (but not all) depend on the properties of the
test water, especially hardness. Thus, the AWQC for many metals are not fixed values, but increase as
hardness increases. The generic form of the equation used to calculate the AWQC (expressed in units of
ug/L) at a given hardness H (expressed in units of mg/L) is as follows:

AWQCtolal = exP[axln(H) + b]

The parameters a and b are empirically-derived coefficients of the best fit straight line through the data in
log space. That is:

ln(AWQClotal) = ax ln (H) + b

In cases where the value of AWQC does not depend on hardness (e.g., arsenic), the value of 'a' is zero
and the equation reduces to:

•

AWQCtolal = exp(b) = Constant

Originally, all AWQC are expressed in terms of total recoverable metal, and are used by comparison to
the total recoverable metal concentrations measured in surface water at the site. Subsequently, the EPA
concluded that dissolved metals (rather than total metals) are a better indicator of potential risks due to
direct contact (e.g., gill respiration in fish) as this concentration represents the amount of the constituent
that is biologically available (USEPA, 1995). As a result, the EPA has identified a method for adjusting
the AWQC based on total metals which is suitable for use in evaluating risks from dissolved metals
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(USEPA 1995). The general form of the equation used to adjust the criterion from total to dissolved is as
follows:

AWQCdissoived = AWQCtotal x Conversion Factor

Conversion Factor = m - n x ln(H)

The parameters m and n are empirically-derived coefficients of the equation relating total and dissolved
concentrations of the metal in laboratory water.

In some cases the conversion factor does not depend on hardness (e.g., arsenic, copper, zinc), so the
value of 'n' is zero and the equation reduces to:

Conversion Factor = m

However, evaluation of risks to receptors based only on dissolved metal levels could tend to underestimate
the total risk across all exposure pathways, including direct contact with solids (either as sediment or
suspended in the river) as well as ingestion of contaminated foods and sediments. Even though total
recoverable metal levels in surface water may not correlate well with risks from direct contact exposure,
use of this more conservative concentration value can help compensate for the omission of risks from
other exposure pathways.

Table 6-1 summarizes the parameters (a, b, m, n) needed to calculate the acute and chronic default
AWQC for total and dissolved metals of potential concern at the RFT Site and presents AWQC values
for each metal at a hardness of 100 mg/L. Also presented are the specified hardness limits for derivation
of the AWQC, if the measured station hardness is outside of the specified hardness limits, the applicable
hardness limit is used to calculate the station-specific AWQC.

The aquatic benchmarks used to select COPCs in surface water in Section 4 are also AWQC values. In
that instance, the chronic AWQC for both dissolved and total metals was compared'the maximum
detected concentration to identify a contaminant as a COPC. For the screening risk characterization,
these comparisons are made for each surface water sampling station for both acute and chronic criteria.
The results provide some insight on spatial trends of potential risks for aquatic life.

6.1.2 Screening Benchmarks for Sediment

Screening benchmarks for aquatic invertebrates for exposure to COPCs in sediment are identified based
on a review of literature reporting sediment quality guidelines. Several sets of sediment quality guidelines
are available. The National Oceanic and Atmospheric Administration (NOAA) compiled a set of Effects
Range Low (ERL) and Effects Range Median (ERM) levels for contaminants in sediment (Long and
Morgan, 1991). The Ontario Ministry of Environment has identified a set of Severe Effects Threshold
(SET) values (Persaud et al., 1993). MacDonald et al. (1996) expanded on the work of Long and
Morgan (1991) and developed a set of guidelines including threshold effects levels (TELs) and probable
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effects levels (PELs). These sediment quality guidelines are derived based on data primarily from marine
environments.

Ingersoll et al. (1996) compiled freshwater sediment toxicity data from nine different sites in the United
States and identified a series of sediment effect concentrations (SECs) for a series of metals in sediment.
The SECs are defined as the concentrations of individual contaminants in sediment below which toxicity is
rarely observed and above which toxicity is frequently observed. The database was compiled to classify
toxicity data for Great Lakes sediment samples. Ingersoll et al.(1996) derived five different SECs
according to the methodology of Long and Morgan (1990), Persaud et al. (1993) and MacDonald
Environmental Sciences Ltd (1994). The SECs include an ERL, ERM, TEL, PEL and no effect
concentration (NEC). Ingersoll et al (1996) calculated these freshwater ERL, ERM, TEL and PEL
values using the same procedures as NOAA and MacDonald Environmental Sciences Ltd. (1994).

NOAA ERL and ERM Values. The NOAA ERL represents the 10th percentile of values
sorted in ascending order reported to be associated with an adverse effect. The NOAA ERM is
the median value in the ranking. An ERL is defined by Long and Morgan (1990) and Long et al.
(1995) as the concentration of a chemical in sediment below which adverse effects are rarely
observed or predicted among sensitive species. An ERM is defined by Ingersoll et al (1996) as
the concentration of a chemical above, which effects are frequently or always observed or
predicted among most species. The ERLs calculated by Ingersoll et al. (1996) use the 15th
percentile.

State of Florida TEL and PEL Values. MacDonald Environmental Sciences Ltd .(1994)
calculated TELs and PELs using an expanded database of Long and Morgan (1991). Freshwater
data were excluded from the analyses. Sediment concentrations associated with an adverse
effect were sorted in ascending order and an ERL (15th percentile) and ERM (50th percentile)
were identified. The concentrations associated with no adverse effect were also sorted and a no
effect range high (85th percentile) and no effect range median (50th percentile) were identified.
The TEL is equal to the geometric mean of the ERL and no effect range median. The PEL is
equal to the geometric mean of the ERM and the no effect range high. Although similar, the TEL
and PEL values are lower than the ERL and ERM values. The values are lower because they
are calculated using both "effect" and "no-effect" data; whereas, the ERL and ERM use only
"effect" data. The NEC is the maximum concentration of a chemical in sediment that does not
significantly adversely affect the particular response when compared to the control.

Consensus-Based Sediment Quality Guidelines (SQGs). In an effort to focus on
agreement among the various sediment quality guidelines (previously discussed), MacDonald et
al. (2000) issued consensus-based SQGs for 28 chemicals of concern. For each chemical of
concern, a threshold effect concentration (TEC) and a probable effect concentration (PEC) were
identified. The predictive reliability of these values was also evaluated. The criteria for
establishing reliability of the consensus-based PECs was based on Long et al. (1998). This
predictive ability analysis was focused on the ability of each SQG when applied alone to classify
samples as either toxic or non-toxic. These criteria are intended to evaluate the narrative intent
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of the values. Sediment toxicity should be observed only rarely below the TEC and should be
frequently observed above the PEC. Individual TECs were considered reliable if more than 75%
of the sediment samples were correctly predicted to be non-toxic. Similarly, the individual PEC
was considered reliable if greater than 75% of the sediment samples were correctly predicted to
be toxic. Therefore the target levels of both false positives (samples incorrectly classified as
toxic) and false negatives (samples incorrectly classified as non toxic) was 25% using the TEC
and PEC. The SQGs were considered to be reliable only if a minimum of 20 samples were
included in the predictive ability evaluation (MacDonald et al., 2000). The results of the reliability
analyses is summarized in the following table:

Reliability of Individual Consensus-Based Sediment Quality Guidelines (MacDonald et al., 2000)

Chemical

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Zinc

% of Samples Correctly
Predicted to Be Non-
Toxic based on TEC

74.1%

80.4

72.0

82.3

81.6

34.3

72.3

81.6

TEC
Reliable?

No

Yes

No

Yes

Yes

No

No

Yes

% of Samples Correctly
Predicted to Be Toxic

based on PEC

76.9%

93.7

91.7

91.7

89.6

100

90.6

90.0

PEC
Reliable?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Because field collected sediments contain a mixture of chemicals, a second predictive analyses was
completed for use of the individual SQGs together in classifying a sediment as toxic or non-toxic. The
incidence of effects was noted above and below various mean PEC quotients (ratios). The mean PEC
ratio equals the average of the ratios of the concentration of the chemical to the corresponding PEC using
on the PEC values that were found to be reliable. 92% of sediment samples with a mean PEC quotient >
1.0 were toxic to one or more species of aquatic organisms. The relationship between PEC quotient and
incidence of toxicity is depicted in Figure 6-1. The mean PEC quotient was found to be highly correlated
with incidence of toxicity (r2 = 0.98) (MacDonald et al., 2000).

For the SERA, consensus-based SQGs from MacDonald et al. (2000) are used as a range of toxicity
benchmarks for sediment. The TEC is used as the low benchmark and the PEC as the high benchmark.
Consensus values are not available for aluminum, antimony, barium, beryllium, cobalt, cyanide,
manganese, selenium, silver, thallium or vanadium. For aluminum and manganese the lowest and highest
SEC values from Ingersoll et al. (1996) are used as the range of toxicity benchmarks for sediments. For
silver, sediment toxicity benchmarks are the range of values reported by NOAA (ERL and ERM) (Long
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et al., 1995) and the state of Florida (MacDonald Environmental Sciences Ltd., 1994). For antimony the
benchmarks are the range of values reported by Long and Morgan (1991). Sediment toxicity benchmarks
could not be identified for barium, beryllium, cobalt, cyanide, selenium, thallium and vanadium.

For the SERA, the identified low and high sediment toxicity benchmarks are listed in Table 6-2. These
values are compared to the EPC values for sediments for each sampling location (Section 5.1.2) to
evaluate risks for benthic invertebrates for direct contact with COPCs in sediment in Section 7.1.2.

6.2 Toxicity Benchmarks for Amphibians

Screening benchmarks for the protection of amphibians from aqueous direct contact exposures are
identified for several endpoints from the EPA AQUIRE database. With the exception of cyanide, the
data available are LC50 values which represent a test concentration lethal to 50% of the test population.
To estimate a toxicity benchmark value for no adverse effects, the lowest LC50 from the database is
selected and the concentration is divided by ten. The only available endpoint for cyanide is avoidance
behavior. Selected benchmarks are presented in Table 6-3. It should be noted that these benchmarks
serve as screening values that do not account for site-specific factors which may either increase or
reduce toxicity.

The toxicity screening benchmark for each COPC is compared to the EPC value for surface water and
seep water to calculate HQ values in Sections 7.2.1 and 7.2.2, respectively.

6.3 Plant Toxicity Benchmarks

6.3.1 Screening Benchmarks for Soil

Plants are exposed to metals in soil principally through their roots. Exposure may also occur due to
deposition of dust on foliar (leaf) surfaces, but this pathway is believed to be small compared to root
exposure. Copper and zinc are considered to be essential or beneficial for plant growth (Kabata-Pendias
and Pendias, 1992). However, excessive levels of these and other metals in soil may exert a variety of
adverse effects on plants including reduced photosynthetic efficiency, reduced seed germination, and
reduced root-mass formation. These phytotoxic responses may occur at the scale of the individual plant or
may effect the entire plant community, resulting in areas of stressed and unhealthy vegetation. Stressed
communities are often subject to invasion by weedy metals-tolerant species which in turn can result in the
disruption and displacement of an entire plant community that would otherwise be found in an affected
area. In some locations, lethality to plants can result, and areas with little or no vegetative cover may
occur.

A relatively large body of literature exists regarding metal phytotoxicity. These studies show that the
toxicity of metals in soils varies widely between different plant species, and also depends on a large
number of soil parameters including soil type, organic content, water content, soil condition, soil chemistry,
and soil pH (Adriano, 1986; Kabata-Pendias and Pendias, 1992; CH2MH111, 1987a; CH2MHU1, 1987b;
Efroymson et al., 1997a). This variability is evident by inspection of Table 6-4, which summarizes
phytotoxicity benchmarks for metals that are recommended and used by different authors and groups.
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These values vary over an order of magnitude or more for each metal. Screening benchmarks for
cyanide and selenium could not be identified.

The low and high toxicity values identified in Table 6-4 are compared to EPCs in soil for each sampling
location to evaluate risks for terrestrial plants in Section 7.3.1.

6.3.2 Screening Benchmarks for Water

Screening benchmarks for the protection of plants from aqueous exposures are available from the Oak
Ridge National Laboratory (ORNL) (Efroymson et al., 1997a). The screening benchmarks developed by
ORNL are assumed to be representative of exposures of plants to contaminants measured in soil solutions
(e.g., from lysimeter samples or possibly from aqueous extracts of soil) or in very shallow groundwater
(e.g., plants in the vicinity of seeps and springs).

Solution benchmarks include data from toxicity tests conducted using whole plants rooted in aqueous
solutions. Tests are commonly conducted in this manner because plants are assumed to be exposed to
contaminants in the solution phase of soil, and the presence of soil in test systems reduces the
experimenter's degree of control over exposure (Efroymson et al., 1997a). It should be noted that these
benchmarks are used for screening and do not account for site-specific soil and plant characteristics.

The phytotoxicity benchmarks are derived by rank-ordering the LOEC values and then selecting a
benchmark that approximated the 10th percentile. If there were 10 or fewer values for a chemical, the
lowest LOEC is used. If there are more than 10 values, the 10th percentile LOEC value is used. If the
10th percentile fell between LOEC values, a value is chosen by interpolation. Since these benchmarks are
intended to be thresholds for significant effects on growth and production, test endpoints that indicate a
high frequency of lethality are not appropriate. Therefore, when a benchmark is based on an LC50 or on
some other endpoint that includes a 50% or greater reduction in survivorship, the value is divided by a
factor of 5, an approximation of the ratio of the LC50 to the EC20. In all cases, benchmark values are
rounded to one significant figure. The selected toxicity benchmarks for plants for aqueous exposures are
presented in Table 6-5. These benchmarks are compared to EPCs for seep water (Section 5. 2.2) in
Section 7.3.2 to evaluate risks for terrestrial plants associated with exposure to COPCs in seep water
(groundwater data).

6.4 Soil Fauna Toxicity Benchmarks

Soil organisms are defined as organisms that live during an essential part of their life cycle in the soil.
This includes both soil invertebrates (e.g., worms, some insects and arthropods, etc), and soil microbes
(bacteria, fungi, etc.). Soil organisms are important components of the terrestrial ecosystem as prey for
other species, and because they contribute substantially to litter breakdown. Soil invertebrates fragment
and partially solubilize organic matter, while soil microorganisms mineralize complex organic molecules to
simple molecules that can be taken up by roots, or further mineralized to CO2 and H20 (Eijsackers, 1994).
Earthworms are probably the most important soil invertebrate in promoting soil fertility (Edwards, 1992).
Their feeding and burrowing activities break down organic matter and release nutrients and improve
aeration, drainage and aggregation of soil.
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Soil organisms are distinguished as inhabitants of either pore water, mineral soil or the litter layer. Some
scientists distinguish between "in soil" and surface-active organisms, but this distinction can be arbitrary
and is not considered for this assessment. Soil organisms can be exposed to contaminants in soils by
direct contact with metals in pore water, and ingestion of metals in mineral soil or the litter layer.
Site-specific soil and invertebrate characteristics can influence the bioavailability and resulting toxicity of
metals from the soils to soil organisms (Eijsackers, 1994).

Soil screening benchmarks for the protection of soil organisms and microbial processes are available from
three different sources, including ORNL (Efroymson et al., 1997b), the National Institute of Public Health
and the Environment (Bilthoven, the Netherlands) (RIVM, 1997), and the Canadian Council of Ministries
of the Environment (CCME, 1997).

The screening benchmarks developed by ORNL for application at hazardous waste sites (Efroymson et
al., 1997b) are derived using a method similar to that used by NOAA to establish the ERLs and ERMs for
sediment (Long and Morgan, 1990). The data available on toxicity of a contaminant to soil organisms
were reviewed and the lowest observed effect concentration (LOEC) was determined. The LOEC is
defined as the lowest applied concentration of the chemical causing a greater than 20% reduction in the
measured response. In some cases, the LOEC was the lowest concentration tested or the only
concentration reported (EC50 or ED50 data). The LOECs were rank ordered and a value selected that
approximated the 10th percentile. When a benchmark was based on a lethality endpoint, the benchmark
value was divided by 5 to approximate an effects concentration for growth and reproduction. The factor
was selected based on the author's judgement. The benchmark values were then rounded to one
significant figure (Efroymson et al., 1997b). Efroymson et al. (1997b) developed screening benchmarks
for earthworms and microorganisms and microbial soil processes.

The values developed by each of these groups are summarized in Table 6-6. As seen, in most cases the
benchmarks developed by the different groups for each chemical vary by less than an order of magnitude.
An exception is mercury, for which the range of soil invertebrate TRVs is substantially wider (300-fold).
Screening benchmarks for antimony and cyanide could not be identified.

For the purposes of the SERA, the low and high toxicity benchmarks are compared to soil EPCs for each
sampling location (Section 5.2.1) to calculate a range of HQ values in Section 7.4.

6.5 Wildlife Toxicity Reference Values (TRVs)

Two toxicity reference values (TRVs) are identified for each COPC for each representative wildlife
species. The first TRV is an estimate of the dose (mg of contaminant per kg of body weight per day) that
is not associated with any adverse effects to the species. This is referred to as the no observed adverse
effect level (NOAEL) TRV. The second TRV is an estimation of the dose that first causes an
observable adverse effect, and is referred to as the lowest observed adverse effect level (LOAEL) TRV.
This range of TRVs is one way to bracket the true threshold for adverse effects.
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The NOAEL and LOAEL TRVs are based on a critical review of published toxicity data. Two
secondary sources (Sample et al., 1996 and Engineering Field Activity West, 1998) were used to identify
key toxicological studies for each of the COPCs. The studies were reviewed to determine the relevance
and reliability of the study results for derivation of a TRV. The critical studies used to derive the TRVs
are presented in detail for each contaminant and each receptor in Appendix D.

Separate TRVs (both NOAEL-based and LOAEL-based) were developed for exposure via water and
the diet. This distinction is based on the observation that the absorption (and hence the toxicity) of metals
in the diet is usually lower than for metals dissolved in water. Both the water TRVs and the dietary
TRVs were based on published toxicity data, wherever possible. If toxicity data were available for only
one of these media (water or diet, but not both), a relative absorption factor of 50% was assumed to
extrapolate to the other medium:

TRV(water) = TRV(diet) x 0.50
TRV(diet) = TRV(water) / 0.50

This adjustment factor of 50% is based on professional judgement, but is supported by evidence that
metals in water typically exist in a readily bioavailable form, and that dietary materials (proteins,
carbohydrates, other minerals) tend to bind metals and/or compete for uptake sites, hence reducing their
bioavailability. This concept has been used previously by USEPA in the derivation of food- and water-
based Reference Doses (RfDs) for cadmium (IRIS, 1998).

In theory, separate TRVs are needed for sediment and soil ingestion, since absorption of contaminants
from sediment may not be the same as from either food or water. However, there are no toxicity data for
any of the COPCs to any of the representative wildlife species where the exposure occurs in the form of
soil. Therefore, TRVs for food were used as surrogates for sediment and soil TRVs. It is considered
likely that this approach may tend to overestimate exposure and risk from ingestion of sediment and soil,
but this is not known for certain.

When reliable toxicity data could not be located for a representative species, it was necessary to
extrapolate toxicity data from studies using another species. In some cases, available toxicity data were
too limited to allow precise definition of NOAEL and LOAEL values for relevant endpoints. To account
for these data gaps, each TRV was derived from the study dose level identified as the NOAEL or
LOAEL by dividing by an Uncertainty Factor (UF) as follows:

TRV = Study Dose / UF

The value of UF was calculated as the product of a series of sub-factors. These sub-factors of
uncertainly are presented in Table 6-7 and include inter-taxon extrapolation, exposure duratio
toxicological endpoint, and other modifying factors such as threatened and endangered stajus, contamma;
sensitivity, developmental differences, etc. In general, USEPA Region VIII recommends that HQ values
be calculated only in cases where the total UF used to derive a TRV is less than, 100?y\s seen in
Appendix D, UFs used to derive TRVs are all below 100. The TRVs derived for each representative
wildlife species are summarized in Table 6-8. The TRVs are compared to doses estimated for each
wildlife species as described in Section 5.2 to estimate risks in Section 7.5.
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7.0 SCREENING LEVEL RISK CHARACTERIZATION

Potential risks to ecological receptors from exposure to COPCs are characterized by use of a Hazard
Quotient (HQ) approach. The HQ is defined as the ratio of the exposure point concentration (EPC) to
the appropriate toxicity screening benchmark:

Exposure
HQ=

Benchmark

If the effects of different chemicals on a receptor act on the same target tissue by the same mechanism,
then the total Hazard Index (HI) to the receptor may be estimated as the sum of the chemical-specific
HQ values across chemicals. At the RFT Site, it has been conservatively assumed that effects of all the
metals on each of the receptors are additive.

Total Hliy HQi,r

If the HQ or total HI is less than or equal to one, it is believed that unacceptable risks will not occur in
the exposed population. If the HQ or total HI exceeds one, then unacceptable risks may occur and there
is a need for further evaluation. All HQ and total HI values are presented to one significant digit.

7.1 Aquatic Receptors

7.1.1 Surface Water

Because the toxicity of COPCs in surface water to aquatic receptors is dependant on the length of
exposure time, the HQ is calculated for both short-term (acute) and long-term (chronic) exposure
conditions:

C C_ w a t e r T J \ _ water
acute r. t , *£ chronic „ , ,

Benchmark acute Benchmark chronic

The concentration of a contaminant in surface water may be expressed in terms of total recoverable
metal or dissolved metal with the value of the denominator (benchmark) dependant on the type of
concentration value selected.

DissolvedCwater
TotalCu

Benchmark dissolved HQlotal = """*"""
Benchmark total

As discussed previously, the HQ based on the dissolved metal concentration is generally believed to be
the best indicator of potential risks due to direct contact (e.g., gill respiration in fish), as this concentration
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represents the amount of the metal that is biologically available (USEPA, 1995). However, evaluation of
risks to receptors based only on dissolved metal levels is not possible as dissolved benchmarks (criteria)
are not available for all metals and dissolved measurements in surface water are not available for all
COPCs for each surface water sampling station.

HQ values are calculated for COPCs in surface water and are presented in Table 7-1. The left-hand side
of the table presents the total recoverable and dissolved COPC EPCs from each surface water sampling
station. The corresponding acute and chronic AWQC values are also calculated. For those AWQCs that
are dependant upon hardness, the average station hardness is used to derive the criteria. If the measured
station hardness is outside of the specified hardness limits (Table 6-1), the applicable hardness limit are
used to calculate the AWQC. If the station hardness is not available, a hardness of 200 mg/L is assumed.
The right side of the table presents the resulting HQacute and HQchronic values for dissolved and total
recoverable COPCs. Where the HQ values exceed 1E+00, the values are in boldface type.

Figure 7-1 provides a plot of HQ values for all COPCs by surface water station. The lower point of the
plotted range represents the HQ value calculated using the acute AWQC and the higher point represents
the HQ value calculated using the chronic AWQC. Acute and chronic AWQC values for zinc are nearly
equal depending on hardness, therefore a range of HQs is not presented for all stations.

Each of the following subsections discusses the surface water HQ results for both total recoverable and
dissolved measurements for each COPC in which an exceedance of either acute or chronic toxicity
screening levels (AWQC) occurs.

• Upstream Silver Creek. Zinc concentrations (both total and dissolved) at all sampling locations
on Silver Creek upstream of the railroad bridge trestle are above levels associated with acute and
chronic toxicity for aquatic receptors. At these stations, exceedances of the chronic toxicity
criteria for total and dissolved cadmium are also observed with total cadmium levels also exceed
the acute toxicity levels at station 492695. Total lead concentrations are above a chronic level of
concern at all sampling locations with HQs ranging from 3 to 3,000. At sampling location N4, total
concentrations of copper and mercury are above levels of acute and chronic toxicity. The
dissolved concentrations of lead at station N4 are also above a chronic level of concern (HQ of 5)
with total concentrations above an acute level of toxicity. Immediately upstream of the railroad
bridge trestle (USC-3), dissolved aluminum concentrations are slightly above chronic toxicity
levels (HQ of 2). At the furthest upstream location (USC-7), below Silver Maple Claims, total
aluminum concentrations are also above chronic levels (HQ of 8).

• Downstream Silver Creek. Like the upstream section of Silver Creek, zinc concentrations (both
total and dissolved) at all but three sampling locations on Silver Creek downstream of the railroad
bridge trestle are above levels associated with acute and chronic toxicity for aquatic receptors.
At three locations (RF-SW-06, USC-1 and RF-8) total aluminum concentrations are above
chronic toxicity levels. Total and dissolved concentrations of cadmium are above chronic toxicity
levels at all sampling locations except station 492679. At most sampling locations, total lead
concentrations (and often dissolved concentrations) are above a level of chronic toxicity. Total
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mercury concentrations at station N6 are above acute and chronic toxicity levels (HQs range
from 90 to 200).

• South Diversion Ditch. At most sampling locations in the south diversion ditch, both total and
dissolved zinc concentrations are above levels associated with acute and chronic toxicity. Total
zinc concentrations at RF-4 and RF-5-4 are 10 times greater than chronic toxicity levels.
Dissolved chromium concentrations are above levels associated with acute toxicity at stations
USC-4 and RF-6. Total concentrations of chromium are 7 times greater than chronic toxicity
levels and 4 times greater than acute toxicity levels at USC-4. Total aluminum concentrations
are above levels associated with chronic toxicity at most sampling locations with dissolved
aluminum concentrations above a level of chronic toxicity at station RF-2. At RF-6-2, total
arsenic concentrations exceed acute and chronic toxicity levels. Total lead concentrations slightly
exceed levels of chronic toxicity (HQs ranging from 2 to 9) at several stations.

• Ponded Water on the Impoundment. The HQs for each COPC are below levels of acute and
chronic toxicity. However, the total HI is above one for both total and dissolved metals based on
chronic toxicity criteria and above one for dissolved metals based on acute toxicity criteria.

• Unnamed Drainage flowing into the South Diversion Ditch. At sampling location RF -3-2, all
total and dissolved COPC concentrations, with the exception of total recoverable aluminum, are
below levels of acute and chronic toxicity. Total aluminum concentrations are above levels of
acute and chronic toxicity levels (HQs of 2 and 20, respectively).

The range of HQ values for aquatic receptors from surface water are summarized below.

Location

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed Drainage

AJ

<1 to 8

<1 to 4

<1 to 7

NA

<1 to 20

As

A11<1

A11<1

<1 to 5

A11<1

A11<1

Cd

<1 to 30

<1 to 20

<1 to 4

< l t o 2

AI1<1

Cr

A1K1

A1K1

<1 to 7

A11<1

A11<1

Cu

<1 to 20

<l to2

A1K1

A1K1

AI1<1

CN

A11<1

A11<1

A1K1

NA

NA

Pb

<1 to 300

<1 to 60

<1 to 9

A11<1

A11<1

Hg

<1 to 200

<1 to 200

A1K1

A11<1

A11<1

Se

< l t o 2

< l t o 2

A1K1

A11<1

A11<1

Ag

A1K1

A1K1

A1K1

A1K1

A1K1

Zn

3 to 400

<1 to 8

<1 to 10

A11<1

A11<1

The concentrations of most COPCs are above levels of chronic and/or acute toxicity in Silver Creek
upstream of the RFT Site. The headwaters of Silver Creek originate in the mountains south of Park City,
Utah and include Deer Valley, Empire Canyon, Ontario Canyon, and Thaynes Canyon (Figure 3-6).
Historically, these headwaters were the site of several mining operations such as the Little Bell and Daly

J
SERA for Richardson Flat Tailings 7 - 3 February 2002



J

DRAFT

Mines. According to the Utah Division of Water Quality, water quality in the upstream portions of Silver
Creek is impaired and concentrations exceed the state water quality standards for zinc (RMC, 2000b).
During the watershed evaluation completed by EPA (USEPA, 200la), surface water samples were
collected at several locations in each canyon and along Silver Creek (see Figure 3-7). Measured surface
water concentrations of cadmium, lead and zinc are presented graphically in Figure 7-2.

As seen in Figure 7-2, the highest concentrations of cadmium, lead and zinc are measured in Empire
Canyon. Concentrations in Silver Creek tend to decrease with increasing distance downstream with
increases observed at locations near Silver Maple Claims that receives flow from the Pace-Homer Ditch.
According to the findings of the watershed evaluation (USEPA, 200 la), the Silver Maple Claims (Pace-
Homer Ditch) was the largest contributor of zinc for the lower reaches of Silver Creek. Zinc loads from
the RFT Site south diversion ditch are reported to contribute only 0.03 Ibs/day to Silver Creek (USEPA,
200 la).

The following subsections provide further evaluation of the risks for cadmium, lead and zinc in surface
water for fish and aquatic invertebrates, respectively.

7.1.1.1 Screening Evaluation for Fish

The "typical" concentrations of cadmium, lead and zinc in RFT Site surface waters are compared to
species specific toxicity reference values (species mean TRVs). Figures 7-3a to 7-3c compare data on
the available mean and maximum concentrations of dissolved cadmium, lead and zinc observed in Silver
Creek and RFT Site surface waters to the range of species-mean toxicity values for the fish species that
either occur in or are similar to species that occur in cold water streams (Table 7-2). The data for the
south diversion ditch and the unnamed drainage is provided for comparison purposes. It is understood that
this habitat is semi-permanent and is not expected to support a cold water fishery.

All of the toxicity values shown in Table 7-2 are derived from the corresponding AWQC Documents
prepared by EPA (1985b-e, 1987, 1996, 2001b). Because the toxicity of cadmium, lead and zinc depend
on water hardness, all of the data (both the toxicity values and the concentration values) are normalized to
a default hardness of 100 mg/L using the following equation:

C(100) = C(H) x TRV(IOO) / TRV(H)
where:

C( 100) = normalized concentration
C(H) = original concentration (hardness = H)
TRV(IOO) = Acute AWQC (dissolved) at a hardness of 100 mg/L
TRV(H) = Acute AWQC (dissolved) at hardness = H

Site-specific data on water hardness are not available for all stations. If the station hardness is not
available, a hardness of 200 mg/L is assumed.
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For dissolved cadmium (Figure 7-3a), average concentrations for several locations in Silver Creek and
maximum cadmium concentrations in the south diversion ditch enter a range of acute toxicity for brook
trout and rainbow trout. As seen in Figure 7-3b, dissolved lead concentrations do not enter a range of
acute or chronic toxicity for either brook trout or rainbow trout at any location, even when concentration
values reach the maximum detected concentrations. For zinc (Figure 7-3c), average concentration values
at station RF-7 in upstream Silver Creek exceed acute and chronic toxicity values for all fish species. All
other zinc concentrations are below available species toxicity values.

7.1.1.2 Screening Evaluation for Aquatic Invertebrates

Many benthic macroinvertebrates live some or most of their life cycle on or near the surface of the
sediment substrate, and hence the main source of water exposure is from the overlying surface water
column (Warren et al., 1998). Data on the concentration of metals in surface water are presented earlier
(see Section 3). In accord with EPA recommendations (Prothro, 1993), attention is focused on risks from
contact with dissolved metals, since dissolved metal measurements are thought to be more predictive of
risk compared to measurements of total recoverable metals.

Table 7-3 summarizes available water column toxicity data from the AWQC national database (USEPA,
1985b-e, 1987, 1996, 200 Ib) for benthic species that are expected to occur or are reasonable surrogates
for other species that are expected to occur in the RFT Site waters. Daphnia are retained because they
are usually among the most sensitive of aquatic invertebrates to the effects of metals, and therefore can

*| serve as a surrogate for other sensitive aquatic macroinvertebrates which may reside in RFT Site surface
waters, but standard toxicity values are not available.

Figures 7-4a to 7-4c compare data on the distribution of concentrations of dissolved metals observed in
RFT Site surface waters to the range of genus-mean toxicity values for aquatic macroinvertebrates
selected to represent the aquatic macroinvertebrate community. Because cadmium, lead and zinc toxicity
depends on water hardness, all of the data (both the toxicity values and the concentration values) have
been normalized to a hardness of 100 mg/L. The hardness-normalization equation is presented previously
in Section 7.1.1.1. Site-specific data on water hardness are not available for all stations. If the station
hardness is not available, a hardness of 200 mg/L is assumed.

For dissolved cadmium (Figure 7-4a), concentrations approach or exceed chronic toxicity values for
cladocerans (Daphnia) at several locations in Silver Creek and the south diversion ditch. As seen in
Figure 7-4b, dissolved lead concentrations do not enter a range of acute or chronic toxicity for any benthic
macroinvertebrate genus or species evaluated at any location, even when concentration values reach the
maximum detected concentrations. However for zinc (Figure 7-4c), average concentrations in Silver
Creek and the south diversion ditch are frequently above levels of chronic toxicity for cladocerans
(Daphnia). In addition, maximum concentration values in the south diversion ditch (RF-4 and RF-5-4)
approach or exceed reported acute toxicity levels for Daphnia. These comparisons suggest that these and
other aquatic invertebrate organisms may be exposed to cadmium and zinc concentrations that could
impact or limit their populations.

7.1.2 Sediments

J
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Risks for benthic invertebrates from exposures to COPCs in sediment are evaluated using two methods.
The first is a HQ approach and the second is calculation of site-specific probable effect ratios that predict
if the mixture of metals in site sediments will be toxic to benthic organisms.

7.1.2.1 Hazard Quotients

The risks to benthic invertebrates from exposures to COPCs in sediment are evaluated using an HQ
approach as follows:

HQ = Csed

Benchmark sed

where:

j

Csed = Concentration of COPC in sediment (mg/kg dry weight)
Benchmarksed = Sediment screening benchmark (mg/kg dry weight)

Table 7-4 presents the maximum concentration of each COPC in sediment, stratified by location, with the
corresponding range of sediment screening benchmarks (low and high toxicity benchmarks). HQs are
calculated using both the low and high sediment toxicity benchmarks. The resulting range of HQ values
are shown on the right-hand side of Table 7-4. In instances where the HQ exceeds 1, the HQ is shown in
boldface type.

Figure 7-5 presents a plot of HQ values for aluminum, arsenic, cadmium, copper, lead, manganese,
mercury, nickel, silver, and zinc stratified by sediment station. The lower point on the range represents
the HQ value calculated using the high sediment toxicity benchmark (Table 6-2) and the higher point
represents the HQ value calculated using the low sediment toxicity benchmark.

Based on the HQ values, potential risks for benthic invertebrates are predicted for exposures to aluminum,
antimony, arsenic, cadmium, chromium, copper, lead, manganese, mercury, nickel, silver and zinc in
sediments. The HQ values for cadmium, lead and zinc tend to follow similar trends across locations. A
discussion of the HQ values for benthic invertebrates are provided by COPC in the following subsections:

• Upstream Silver Creek. Antimony, arsenic, cadmium, copper, lead, mercury, silver and zinc
sediment concentrations at all sampling locations along Silver Creek upstream of the railroad
trestle are above levels associated with sediment toxicity to benthic invertebrates. Antimony,
arsenic, cadmium, copper, lead, silver and zinc concentrations exceed both the low and high
sediment toxicity benchmarks at all three upstream sampling locations. Mercury sediment
concentrations exceed the low toxicity benchmark at all three upstream sampling locations but
only station USC-6 exceeds the high toxicity benchmark (HQ of 2). Aluminum and chromium
sediment concentrations are below a level of concern for benthic invertebrates (HQs less than or
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equal to 1) at all three upstream Silver Creek locations. The highest HQs are for COPCs
observed at the sampling station below Silver Maple Claims (USC-6). At this station, the risks
are predicted to range from 9 (mercury) to 1 ,000 (lead) based on the low toxicity benchmark
values (TECs), and from 2 (mercury) to 300 (lead) based on the high toxicity benchmark values
(PECs).

• Downstream Silver Creek. The HQ values for benthic invertebrates from direct contact with
sediment at Silver Creek sampling locations downstream of the RFT Site are similar to those at
upstream locations. At both Silver Creek downstream sampling locations antimony, arsenic,
cadmium, copper, lead, silver and zinc sediment concentrations are higher than both the low and
high toxicity benchmarks. At station USC-1, concentrations of mercury are higher than the low
toxicity benchmark (HQ of 2). Aluminum and chromium concentrations are less than both
benchmarks (HQs less than or equal to 1).

• South Diversion Ditch. Antimony, arsenic, cadmium, lead, silver and zinc sediment
concentrations at almost all sampling locations in the south diversion ditch are above both the low
and high toxicity benchmarks. Concentrations of copper exceed both the high and low toxicity
benchmarks with the exception of locations RF-SD-SD2, -SD3, and -SD6. The concentrations of
mercury in sediments exceed the low sediment toxicity benchmark at all sampling locations and
the high benchmark at one location (RF-SD-SD1). Concentrations of aluminum and chromium
are lower than both benchmarks with the exception aluminum at one station (RF-SD-SD6) where
the HQ is 2. The highest HQ values are observed for cadmium, lead and zinc with values
ranging from 20 (cadmium) to 100 (lead and zinc). The HQ ranges for other COPCs are
generally lower.

• Wetland Area. Antimony, arsenic, cadmium, lead, silver and zinc exceed both the high and low
toxicity benchmarks at all sampling locations. Concentrations of copper exceed the low toxicity
benchmark at all locations and the high benchmark at two sampling locations (RF-SE-01 and RF-
SE-03). The concentrations of mercury exceed the low toxicity benchmark at three locations and
only the high benchmark at one location. Concentrations of manganese exceed the low toxicity
benchmark at all locations and the high benchmark at all but one location (HQs range from 2 to
50). Concentrations of nickel exceed the low toxicity benchmark at RP-SE-01 and both the low
and high toxicity benchmarks at RF-SE-04. Concentrations of aluminum and chromium are below
a level of concern at all sampling locations.

The range of HQs and the relative frequency of exceedances for benthic invertebrate receptors from
sediments are summarized in the following table.

>
J
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Location

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

South Diversion
Ditch - Wetland

Al

A11<1

A11<1

<1 to 2

<1 to 2

Sb

2 to 300

5 to 70

<1 to 50

2 to 50

As

2 to 100

7 to 30

3 to 20

5 to 30

Cd

5 to 100

8 to 50

4 to 70

8 to 90

Cr

A1K1

A11<1

A1K1

A11<1

Cu

3 to 60

3 to 20

<1 to 10

< l t o 2 0

Pb

10 to
800

50 to
200

20 to
100

20 to
200

Mn

NC

NC

NC

<1 to 70

Hg

<1 to 5

<1 to 2

<1 to 9

<1 to 40

Ni

NC

NC

NC

<1 to 4

Ag

7 to 100

10 to 50

4 to 30

2 to 50

Zn

8 to 300

20 to 80

6 to 100

10 to
100

NC= Not Calculated

As seen, sediments in upstream Silver Creek (above the RFT Site) tend to have the highest HQ values.
According to the watershed evaluation (USEPA, 2001 a), sediment concentrations are highest at and
below Silver Maple Claims and are likely impacted by the tailings piles along the lower portions of Silver
Creek. Historical releases from the RFT Site south diversion ditch may have also impacted sediments in
Silver Creek (USEPA, 200la).

7.1.2.2 Mean Probable Effect Concentration Ratio

As described earlier in Section 6, MacDonald et al. (2000) found that the mean PEC quotient was
correlated with incidence of sediment toxicity (r2 = 0.98). The resulting equation (Y=101.48(1-0.36"),
where V equals the mean PEC quotient and CY' equals the incidence of toxicity, can be used to estimate
the probability of observing sediment toxicity at any mean PEC quotient. The mean PEC quotients
calculated for each sediment sampling location are provided in Table 7-5 and the results are summarized
in the following text table:

J
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Calculation of the Mean PEC Quotient by Sampling Location and the Predicted
Incidence of Observing Sediment Toxicity (MacDonald et al., 2000)

Location

Silver Creek Downstream

Silver Creek Upstream

South Diversion Ditch

Wetland Area

Station

USC-1

USC-2

USC-5

USC-6

USC-7

RF-SD-SD1

RF-SD-SD2

RF-SD-SD3

RF-SD-SD4

RF-SD-SD5

RF-SD-SD6

RF-SE-01

RF-SE-02

RF-SE-03

RF-SE-04

Mean
PEC

19.8

14.9

21.3

77.2

6.5

10.9

7.6

6.0

8.8

7.4

4.9

17.4

8.8

13.2

6.7

Probability of Observing
Sediment Toxicity

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

The mean PEC ratio equals the average of the individual COPC specific ratios of the concentration of the
COPC in sediment to the corresponding PEC value using only the PEC values that were found to be
reliable. The mean PEC quotients for all sampling locations predict that samples are toxic to benthic
invertebrates.

7.1.3 Seep Water

Potential risks for aquatic receptors from exposure to COPCs in seep water are characterized by use of
the HQ approach. The HQ is defined as the ratio of the concentration of a COPC to the appropriate
benchmark value:

C,seep

Benchmark seep

where:
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Benchmark•seep

Dissolved or Total Concentration of COPC in seep water (ug/L)
AWQC screening benchmark for Total or Dissolved Concentrations
(ug/L)

HQ values for aquatic receptors are calculated for COPCs in seep water (as estimated from
groundwater) and are presented in Table 7-6. The left-hand side of the table presents the maximum total
recoverable and dissolved COPC concentrations from each groundwater monitoring well. The
corresponding acute and chronic AWQC values are also presented. Where the HQ values exceed
1E+00, the values are in boldface type. Calculated HQs for total and dissolved COPCs are shown
graphically in Figure 7-6. If the value of the HQ exceeds one, then potential risks may occur and there is
a need for further evaluation.

A summary of the seep water HQ results for each COPC in which an AWQC exceedance occurred is
provided below.

Location

Seep Water @
Main

Embankment
Background
Groundwater

Al

<1 to 900

<1 to 200

As

<1 to 2

A11<1

Cd

<1 to 90

<1 to 8

Cr

<1 to 9

<1 to 2

Cu

<1 to 90

<1 to 10

CN

<1 to
2,000

A1K1

Pb

<1 to 30

<1 to 100

Hg

<1 to 3

AI1<1

Se

<1 to 3

A1I<1

Ag

A1K1

A11<1

Zn

<1 to 10

A11<1

The ranges of HQ values exceed one for all COPCs, with the exception of silver, at all monitoring wells
located at the base of the main embankment. Total concentrations have consistently higher HQ values
than those predicted for dissolved. Concentrations of cyanide along with lead and mercury are found to
be the most common contributors to risks.

7.2 Amphibians

The diversity, density, and the reproductive success (i.e. embryonic mortality) of amphibians are shown
to be sensitive indicators of environmental stress. If amphibians are found to encounter reproductive
failure compared to reference wetlands, amphibian reproductive success and diversity, and subsequently
structure and function as a whole would be determined to be at risk.

The basic equation used for calculation of an HQ value for the direct contact exposure of amphibians to
COPCs in aqueous media is:

1 Gamphibiwi

where:
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Concwater = Total Recoverable concentration of COPC in water (ug/L)
TBamphibian = Toxicity benchmark (ug/L) for exposure of amphibians to COPCs in aqueous

media

HQ values are calculated using the amphibian toxicity benchmark TRY for each COPC. If all HQ
values are found to be below one, it would then be concluded that hazard to amphibians from exposure to
COPCs in water is low. Conversely, if a majority of HQ values based on the benchmark TRV are found
to be substantially higher than one, it should be concluded that toxicity to amphibians from exposure to
COPCs in water is likely.

7.2.1 Surface Water

HQ values for the exposure of amphibians via surface water are calculated for each COPC and are
presented in Table 7-7. The left-hand side of the table presents the maximum total recoverable COPC
concentrations from each surface water sampling station. If total concentrations are not available, the
dissolved concentrations are used to calculate HQs. The corresponding amphibian toxicity benchmark
screening values are also presented. Where the HQ values exceed 1E+00, the values are in boldface
type. A summary of the total HI at each sampling station and the contribution of each COPC HQ to the
total HI is presented in Figure 7-7.

A summary of the surface water HQ results for each COPC in which an exceedance of the amphibian
toxicity screening benchmark occurs is provided in the following paragraphs.

Upstream Silver Creek. Zinc and copper concentrations at all sampling locations and lead
concentrations at all but one sampling location are above levels associated with toxicity to
amphibians. Copper HQs typically are less than 5 times greater than the toxicity value. Slight
exceedances of the cadmium and arsenic toxicity benchmarks are observed at several sampling
locations with maximum HQs of 3 and 5, respectively. Cyanide concentrations at sampling
location RF-7-2 and N4 are also above the toxicity value, with HQs of 8 and 200, respectively.
Mercury concentrations at these stations and at station RF-7 exceed of the toxicity value as well.
Selenium and silver concentrations are below respective toxicity values at all stations.

• Downstream Silver Creek. The HQ values and frequency of exceedances of amphibian toxicity
values at locations in Silver Creek downstream of the south diversion ditch confluence are similar
to those observed upstream. Like upstream Silver Creek, zinc and lead concentrations at all but
one sampling location are above respective toxicity values. Arsenic and copper HQs are greater
than 1 at all but one location, with maximum HQs of 8 and 3, respectively. At station RF-8,
cadmium concentrations are slightly above the toxicity value (HQ of 2). Cyanide is measured at
only three sampling locations, but concentrations are above the toxicity value at all locations with
a maximum HQ of 20. Calculated HQs for mercury at most locations are below 1, however,
HQs are greater than 1 at N6, RF-8, and RF-8-2. Similar to upstream Silver Creek, selenium and
silver concentrations are below toxicity values at all stations.
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South Diversion Ditch. Total zinc concentrations at every sampling location in the south
diversion ditch are above toxicity levels. Zinc concentrations at RF-4 and RF-5-4 exceed the
toxicity value by 3,000 times. At most sampling locations, total arsenic concentrations (HQs
ranging from <1 to 200), total copper concentrations (HQs ranging from <1 to 5) and total
mercury concentrations (HQs ranging from <1 to 3) exceed respective toxicity values.
Concentrations of lead at several locations in the south diversion ditch are also above the toxicity
value with a maximum HQ of 10. Total cyanide is available for only one location. At this
location concentrations are 8 times greater than the toxicity value. Cadmium, selenium and silver
concentrations are below a level of concern at all sampling locations.

• Ponded Water on the Impoundment. At sampling location RF-9, measured concentrations of
arsenic and mercury are slightly above respective toxicity values (HQs of 3). Zinc concentrations
are also above the toxicity value (HQ of 10). All other COPC concentrations are below levels of
concern for amphibians.

Unnamed Drainage flowing into the South Diversion Ditch. At sampling location RF-3-2,
concentrations of arsenic, copper, and mercury are slightly above respective toxicity values (HQs
ranging from 2 to 5). Total zinc concentrations are above the toxicity value with an HQ of 100.
Concentrations of all other COPCs are below a level of concern for amphibians.

The range of HQs for amphibians from surface water are summarized below.

Location

Silver Creek - upstream

Silver Creek -
downstream

Site Ponded Water

South Diversion Ditch

Unnamed Drainage

As

<1 to 5

<1 to 8

3

<1 to 200

3

Cd

<1 to 3

<1 to 2

<1

A1K1

<1

Cu

2 to 100

<1 to 10

<1

<1 to 5

56

CN

<1 to 30

<1 to 20

NC

<1 to 8

NC

Pb

<1 to 400

<1 to 90

<1

<1 to 10

<1

Hg

<1 to 1000

<1 to 1000

3

<1 to 3

2

Se

A11<1

A1K1

<1

A11<1

<1

Ag

A11<1

A11<1

<1

A11<1

<1

Zn

800 to
100,000

200 to
2,000

10
90 to
3,000

100

The HQ values indicate that potential risks for amphibians associated with exposures to arsenic, copper,
lead, mercury and zinc in the surface waters of Silver Creek both upstream and downstream of the RFT
Site, the South Diversion Ditch, site ponded water and the Unnamed Drainage on the RFT Site. Adverse
effects associated with lead, mercury, and zinc (as shown by the size of the ratio and frequency of
exceedances) are predicted to be the most severe and frequent.

Figures 7-8a to 7-8e compare data on the distribution (mean and maximum) of typical concentrations of
total recoverable concentrations of arsenic, copper, lead, mercury and zinc observed in Silver Creek and
in RFT Site surface waters to the range of species toxicity values for amphibians. The toxicity values
shown are derived from AWQC Documents (USEPA 1985b-e, 1987, 1996, 200 Ib) and are presented in
Table 7-8. As seen in Figure 7-8a, arsenic concentrations in Silver Creek and in RFT Site waters are all
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below available toxicity values for amphibians. Copper concentrations (Figure 7-8b), with the exception
of station N4, are also all below toxicity levels for available amphibian species. In Figure 7-8c, maximum
lead concentrations at stations RF-7-2 in upstream Silver Creek, USC-1 and USC-2 in downstream Silver
Creek, and RF-6 and N5 in the south diversion ditch are all above the EC50 for the marrow mouthed
toad. Stations N4 and N6 are greater than toxicity values for the leopard frog and marbled salamander,
but these concentrations appear to be anomalous in comparison with other measured lead concentrations.
Maximum total mercury concentrations (Figure 7-8d) at station RF-7-2 in upstream Silver Creek, station
RF-8 in downstream Silver Creek, and RF-4 in the south diversion ditch are above a level of concern for
the African clawed frog. Mercury concentrations at stations N4 and N6 are several orders of magnitude
above typical concentrations in other surface water, the reason for this discrepancy is not known at this
time. Zinc concentrations (Figure 7-8e) at most locations are above the EC50 for the narrow-mouthed
toad, but are below a level of concern for the African clawed toad and the marbled salamander with the
exception of station RF-7.

7.2.2 Seep Water

HQ values for amphibians are calculated for COPCs in seep water (as estimated from groundwater) and
are presented in Table 7-9. The left-hand side of the table presents the maximum total recoverable
COPC concentrations from each groundwater monitoring well. If total concentrations are not available,
the dissolved concentrations are used to calculate HQs. The corresponding amphibian toxicity
benchmark screening values are also presented. Where the HQ values exceed 1E+00, the values are in
boldface type.

A summary of the seep water HQ results for each COPC in which an toxicity benchmark exceedance
occurred is provided below. A summary of the total HI at each monitoring well and the contribution of
each COPC HQ to the total HI is presented in Figure 7-9.

Location

Seep Water @ Main
Embankment

Background
Groundwater

As

20to90

<1

Cd

4 to 10

<1

Cu

3 to 400

8

CN

30 to 50,00(

20

Pb

20 to 30

200

Hg

3 to 22

2

Se

2

<1

Zn

70 to 3,00(

100

Inspection of these HQ values shows exceedances of the toxicity values for amphibians to a greater
extent for seep waters at the base of the main embankment compared to background waters for almost
all COPCs. The highest HQ values are observed for cyanide and zinc, however, seep water
concentrations of arsenic, cadmium, copper, lead and mercury also exceed respective amphibian toxicity
values indicating potential risk associated with these COPCs.

J
SERA for Richardson Flat Tailings 7- 13 February 2002



DRAFT

7.3 Plants

7.3.1 Soil

The basic equation used for calculation of an HQ value for exposure of plants to COPCs in soils is:

HQplant =
Concson

J. LJplaia

where:

ConcsoM

TB'plant

Concentration of metal in soil (mg/'kg)
Phytotoxicity benchmark value (mg/kg) for COPC (Table 6-4)

As discussed previously, HQ values for plants are calculated based on total recoverable COPC
concentrations in soil samples from each sampling location. HQ values are calculated based on the low
and the high phytotoxicity value (from Table 6-4) for each COPC. These results are presented in
Appendix F. If all HQ values based on the low phytotoxicity benchmark are below one, it is concluded
that risks for plants associated with direct contact to COPCs in surface soils are not expected.
Conversely, if the majority of HQ values based on the high benchmark are substantially higher than one, it
is concluded that phytotoxicity is likely.

The HQ results (Appendix F) are summarized graphically in Figure 7-10 by soil type (background, on-
impoundment, off-impoundment and tailings). For each COPC, HQs calculated using the low and high
phytotoxicity benchmarks (Table 6-4) are presented in the upper and lower panels, respectively. The HQ
ranges presented for each general soil type represent the minimum and maximum calculated HQs; the
average HQ is also presented. The following table summarizes the HQ values for plants from exposure
to COPCs in soil.

Location

Background
Soils
Off-

Impoundment
Soils
On-

Impoundment
Cover Soils

Site
Tailings

Al

NA

NA

400 to
500

40 to
300

Sb

NA

NA

<1 to 2

9 to 50

As

a l l < l

<1 to 30

<1 to 10

<1 to 30

Ba

a l l < l

alKl

a l l< l

NA

Cd

a l l< l

<1 to 7

<1 to 2

<1 to 10

Cr

20

20 to 30

20 to 40

9 to 30

Cu

a l l < l

alKl

al l<l

<1 to 7

Pb

<1 to 2

<1 to 100

<1 to 60

2 to 200

Hg

a l l< l

alKl

al l<l

a l l < l

Se

3

3

3

3 to 10

Ag

<1

<1

<1

6 to 30

Zn

2 to 3

2 to 30

<1 to 20

60 to 200

NA = Not Analyzed
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• Background Soils. The concentrations of most COPCs in background soils are below the low
toxicity benchmark for plants. These HQs indicate that phytotoxicity is not likely to occur as a result
of direct contact with these COPCs in soil. HQ values for chromium, lead, selenium and zinc are
all slightly above one, but are lower than HQ values observed for either on-impoundment or off-
impoundment soils.

• Off-Impoundment Soils. The average concentrations of arsenic, chromium, lead, selenium and
zinc in off-impoundment soils are above the phytotoxicity benchmarks (HQs ranging from 2 to 100).
These HQs indicate that phytotoxicity is likely to occur as a result of direct contact with these
COPCs in soil. HQs for barium, copper, mercury and silver are all below one. Cadmium HQs
based on maximum concentrations are slightly above one for off-impoundment soils using the low
phytotoxicity benchmark.

On-Impoundment Soils. Aluminum and chromium HQs for all on-impoundment soils are above a
both the low and high phytotoxicity benchmarks (maximum HQ of 500 for aluminum). These HQs
indicate that phytotoxicity is likely to occur as a result of direct contact with these COPCs in soil.
HQ values for barium, copper, mercury and silver are all below one. HQ values based on the low
phytotoxicity benchmark for antimony, arsenic, cadmium are slightly above one, while maximum
HQ values for lead and zinc range from 20 to 60.

Tailings. HQ values for all COPCs except mercury are above the low phytotoxicity benchmarks.
The highest HQs are for lead and zinc (HQs of 200 compared to the low phytotoxicity
benchmarks). These HQ values indicate that phytotoxicity is probable if direct contact for plants
were to occur with tailings material. The extent of existing soil cover (both depth and extent) as
well as the root zone depth of existing vegetation cover is key to understanding if these exposures
are possible.

Figure 7-1 1 presents the contribution of each COPC HQ to the total HI for each general location
(background, off-impoundment and off-impoundment). The COPCs which contribute most to the HI are
aluminum, lead and zinc. The HQ values depicted in the figure are based on the average soil concentrations
of each COPC across available depths at a sampling location.

7.3.2 Seep Water

The basic equation used for calculation of an HQ value for exposure of plants to COPCs in seep water is:

1 JJplaiit

where:

Concsuil = Concentration of metal in soil (ug/L)
TBp,ara = Phytotoxicity Benchmark Value (ug/L) for COPC (Table 6-5)
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HQ values for plants are calculated for COPCs in seep water (as estimated from groundwater) and are
presented in Table 7-10. The left-hand side of the table presents the total recoverable and dissolved COPC
EPCs from each groundwater monitoring well. The corresponding phytotoxicity screening benchmark for
solution exposures for each COPC is also presented. Where the HQ values exceed one, the values are in
boldface type. If the HQ exceeds one, then potential risks may occur and there is a need for further
evaluation. The calculated HQs for plants from direct contact with seep water are summarized below.

Location

Seep Water @ Main
Embankment

Background
Groundwater

Aluminum

20 to 300

50

Arsenic

80 to 300

4

Chromium

<1 to 2

a l l< l

Copper

<1 to 30

a l l< l

Lead

4 to 7

30

Manganese

<1 to 4

a l l < l

Zinc

<1 to 7

a l l< l

Figure 7-12 presents the contribution of each COPC to the total HI at each groundwater monitoring well.
The primary contributors to risk at the base of the main embankment are aluminum, arsenic, copper and
lead (maximum HQs of 300). Concentrations of these COPCs in upgradient (background) wells are also
above the phytoxicity benchmarks. Concentrations of beryllium, cadmium, cobalt, mercury and selenium at
all locations are all below a level of concern (HQs < 1). For upgradient (background) groundwater,
concentrations of chromium, copper, manganese and zinc are below respective phytotoxicity benchmarks.

These HQ values indicate that risks for terrestrial plants associated with direct contact with aluminum,
arsenic, copper and lead in seep water are possible. These HQ calculations are screening level estimates
based on estimates of seep water concentrations of each COPC from available groundwater monitoring
well data. Conclusions may change in the baseline risk assessment as more information on the extent of
contamination of seeps becomes available.

7.4 Soil Fauna

The basic equation used for calculation of an HQ value for exposure of soil fauna to COPCs in soils is:

n \Jsoil fauna —
1t> soil fauna

*
J

where:

Concson = Concentration of COPC in soil (mg/kg)
TBsoil fauna = Toxicity benchmark (mg/kg) for COPC for soil fauna

HQ values are calculated based on the low and high toxicity benchmark for each COPC (Table 6-6).
These results are presented in Appendix G for each soil sampling location for each COPC. If all HQ values
are below one based on the low toxicity benchmark, it is concluded that risks to soil fauna associated with
direct contact to COPCs in surface soils are not expected. Conversely, if the majority of HQ values based
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on the high benchmark are higher than one, it is concluded that adverse effects to soil fauna toxicity are
likely.

The HQ results are summarized graphically in Figure 7-13 by soil type (background, on-impoundment, off-
impoundment and tailings). For each COPC, HQs calculated using the low and high toxicity benchmarks
(Table 6-6) are presented in the upper and lower panels, respectively. The HQ ranges presented for each
general soil type represent the minimum and maximum calculated HQs; the average HQ is also presented.
The following table summarizes the HQ values for soil fauna from exposure to COPCs in soil.

Location

Background Soils

Off- Impoundment
Soils

On-Impoundment
Soils
Site

Tailings

Al

NA

NA

30 to 40

3 to 30

As

alKl

<1 to 10

<1 to 6

<1 to 20

Ba

a l l < l

a l l < l

a l l < l

NA

Cd

a l l< l

<1 to 20

<1 to 4

<1 to 40

Cr

<1 to 60

<1 to 80

<1 to 90

<1 to 80

Cu

a l l < l

<1 to 2

<1 to 2

<1 to 20

Pb

alKl

<1 to 40

<1 to 20

2 to 80

Hg

<1 to 2

<1 to 30

<1 to 10

<1 to 200

Se

a l l< l

a l l< l

a l l < l

<1 to 6

Ag

a l l< l

a l l< l

a l l < l

alKl

Zn

a l l< l

<1 to 10

<1 to 10

5 to 90

NA = Not Analyzed

Background Soils. The concentrations of most COPCs in background soils are below
respective low toxicity benchmarks for soil fauna. These HQs indicate that adverse effects
to soil fauna is not likely to occur as a result of direct contact with these COPCs in soil.
The HQ values for chromium and mercury are slightly above one, but are lower than HQ
values for the Off and On-Impoundment Soils.

Off-Impoundment Soils. The average concentrations of arsenic, cadmium, chromium,
lead, mercury and zinc in off-impoundment soils are above the low toxicity benchmarks
(HQs ranging from 2 to 60). These HQ values indicate that adverse effects to soil fauna is
likely to occur as a result of direct contact with these COPCs in soil. HQ values for barium,
selenium and silver are all below one. Copper HQs based on maximum concentrations are
slightly above one (HQ of 2).

On-Impoundment Soils. Aluminum HQ values for on-impoundment soils are above a
level of concern (maximum HQ of 40). These HQ values indicate that adverse effects to
soil fauna is likely to occur as a result of direct contact with aluminum in soil. HQ values for
barium, selenium and silver are all below one. Maximum HQs based on the low toxicity
benchmark exceed one for arsenic, cadmium, chromium, copper, lead, mercury and zinc.

Tailings. All measured concentrations of aluminum, copper, lead and zinc in tailings are
above toxicity benchmarks for soil fauna. Average HQ values for arsenic, cadmium,
chromium, mercury and selenium exceed respective low toxicity benchmarks. The highest
HQs are observed for mercury (maximum HQ of 200 compared to the low benchmark).

j
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These HQ values indicate that adverse effects to soil fauna is likely if these receptors are
exposed to the tailings material under the current soils cover.

Figure 7-14 presents the contribution of each COPC HQ to the total HI for each general soil location
(background, off-impoundment, and on-impoundment). The COPCs which contribute most to the HI are
aluminum, chromium, lead, mercury and zinc, but other COPCs also contribute to risks. The HQ values in
the figure are based on average soil concentrations of each COPC across available depths.

7.5 Wildlife Receptors

7.5.1 Surface Water

Potential risks for wildlife receptors from exposure to COPCs in surface water are characterized by use of
the HQ approach. The HQ is defined as the ratio of the dose to the appropriate TRV (Table 6-8):

TRV water

where:

Dosesw = Average Daily Dose of COPC via ingestion of surface water (mg/kg BW/day)
TRVwa[er = Toxicity reference value for ingestion of water (mg/kg BW/day)

The basic approach used for estimating exposure and risk for wildlife receptors is to estimate the dose and
the HQ for each COPC separately, and then to add HQs across all COPCs to derive a hazard index (HI).
If the HI is less than or equal to one, no unacceptable risks to the exposed wildlife receptor is assumed. If
the value of the HI exceeds one, then potential risks may occur and there is a need for further evaluation.

HI values are presented using both NOAEL and LOAEL TRVs (described in Section 6.5). All HI values
are represented to one significant digit. HI values are calculated for each receptor for each exposure area
(upstream Silver Creek, downstream Silver Creek, south diversion ditch, ponded water and unnamed
drainage) and are summarized in the following text table. The detailed HQSW values calculated for each
COPC are provided in Appendix E for each wildlife receptor.
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Receptor

Cliff Swallow

Greater-Sage Grouse

Mallard Duck

Belted Kingfisher

American Robin

American Kestrel

Red Fox

Masked Shrew

Mink

Deer Mouse

Hazard Indices for Surface Water Ingestion

Silver Creek
Upstream

a l l < 1

< l t o 2

al l< 1

a lKl

a l l < 1

a l l < 1

a l l< 1

< 1 to 4

a l l< 1

a l l < 1

Silver Creek
Downstream

a l l < 1

a l l< 1

a l l < 1

a l l< 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a l l< 1

a l l < 1

South Diversion
Ditch

a l l < 1

a l l< 1

all< 1

a lKl

a l l < 1

a l l< 1

a l l < 1

a!l< 1

a l l< 1

a l l< 1

Ponded
Water

a l l < 1

a l l < 1

a l l< 1

a lKl

a l l< 1

all < I

a l l < 1

a l K l

alKl

a l l < 1

Unnamed
Drainages

a l l < 1

a l l < 1

a l l< 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a l l< 1

a l l < 1

As seen, HI values for almost all wildlife receptors are less than one for each exposure area. The HQ
values indicate that risks for wildlife related to ingestion of COPCs in surface water are unlikely. The
exception is for the greater-sage grouse and the masked shrew at upstream locations on Silver Creek with
His ranging from <1 to 2 and <1 to 4, respectively. A review of the detailed HQ values presented in
Appendix E shows that the majority of the risk observed in the upstream Silver Creek areas is attributable to
total concentrations of lead in the surface water.

7.5.2 Sediment

Potential risks for wildlife receptors from exposure to COPCs in sediment are characterized by use of the
HQ approach. The HQ is defined as the ratio of the dose associated with ingestion of sediments to the
appropriate dietary TRY (Table 6-8):

HQsed -
Dosesed

TRVdiet

where:

Dosesed = Average Daily Dose of COPC via incidental ingestion of sediment (mg/kg
BW/day)

TRVdie, = Toxicity reference value for dietary exposure (mg/kg BW/day)

•»
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HI values are presented in the following text table as a range using both NOAEL and LOAEL TRVs
(Table 6-8). HQs are calculated for each COPC for each exposure area (upstream Silver Creek,
downstream Silver Creek, south diversion ditch and wetlands area). The detailed HQsed values calculated
for each COPC are provided in Appendix E.

Receptor

Belted Kingfisher

Mallard Duck

Mink

Hazard Indices for Sediment Ingestion

Silver Creek
Upstream

40 to 80

40 to 80

50 to 100

Silver Creek
Downstream

10 to 20

10 to 20

1 0 to 30

South Diversion
Ditch

3 to 10

3 to 10

5 to 20

Wetlands
Area

8 to 20

8 to 20

10 to 30

HI values for each receptor exceed one for all exposure areas. Based on relative HI values, the greatest
risks are predicted for receptors at upstream locations on Silver Creek. A review of the detailed HQ values
presented in Appendix E reveals which COPCs are contributing to the majority of the predicted risk within
each exposure area. Figure 7-15 presents the contribution of each COPC to the total HI for sediment
ingestion for each wildlife species.

For the belted kingfisher and mallard exposed to COPCs by ingestion in upstream Silver Creek., aluminum,
arsenic, cadmium, lead and zinc contribute most to the total HI (Figure 7-15). Most of the total HI is
attributable to lead (HQs range from 30 to 70). Aluminum, antimony, arsenic and lead HQs are all greater
than one for the mink. Almost all of the total HI for mink is attributable to antimony (HQs range from 20 to
60) and lead (HQs range from 30 to 60).

For downstream Silver Creek, the South Diversion Ditch and the Wetlands Area the HQ values for most
COPCs, with the exception of aluminum and lead, are less than one for the belted kingfisher and the
mallard. For the mink, aluminum, antimony and lead HQ values are greater than one. All other COPC
HQs are less than one. For mink, HQ values for thallium in the wetland area greater than one. In general,
the HI values are highest for the wetland area followed by downstream Silver Creek and the South
Diversion Ditch.

7.5.3 Seeps

Potential risks for wildlife receptors from exposure to COPCs in seep water are characterized by use of the
HQ approach. The HQ is defined as the ratio of the dose to the appropriate TRV (Table 6-8):

Doseseep

TRVdiet

where:
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Doseseep = Average Daily Dose of COPC via ingestion of seep water (mg/kg BW/day)
TRVdiet = Toxicity reference value for water exposure (mg/kg BW/day)

For the purposes of the SERA, it is conservatively assumed that 100% of the drinking water for each
representative species comes from seeps.

HI values are presented in the following text table as a range using both NOAEL and LOAEL TRVs
(Table 6-8). HI values are calculated for each representative species for each exposure area (upgradient
wells and wells below main embankment). The detailed HQseep values calculated for each COPC for each
representative species are provided in Appendix E. A summary of the results is provided in the following
text table.

Receptor

Cliff Swallow

Greater-Sage Grouse

Mallard Duck

Belted Kingfisher

American Robin

American Kestrel

Red Fox

Masked Shrew

Mink

Deer Mouse

Hazard Indices for Seep Water Ingestion

Upgradient Monitoring Wells

a l l< 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

< 1 to 3

a l l < 1

a l l < 1

Monitoring Wells below
Main Embankment

a lKl

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a l l < 1

a lKl

a l l < 1

a l l < 1

a l l < 1

HQs based on the NOAEL and the LOAEL TRV for almost all representative wildlife species are less than
one for the ingestion of seep water. The exception is the masked shrew, for which lead HQ values for
upgradient groundwater are greater than one (based on the NOAEL TRV) (Figure 7-16). The lead HQ
based on the NOAEL TRV for the masked shrew is 3.

7.5.4 Soil

Potential risks for wildlife receptors from exposure to COPCs in soils are characterized by use of the HQ
approach. The HQ is defined as the ratio of the dose to the appropriate TRV (Table 6-8):
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Dose
soil

soil

TRY,diet

where:

Dosesojl = Average Daily Dose of COPC via incidental ingestion of soil (mg/kg
BW/day)

TRVdiet = Toxicity reference value for COPC for dietary exposure (mg/kg BW/day)

The HI values for each representative wildlife species for each exposure area are summarized in the
following text table using both NOAEL and LOAEL TRVs (Table 6-8). The detailed HQsoi, values
calculated for each COPC are provided in Appendix E for each representative wildlife species.

Receptor

American Robin

American Kestrel

Greater-Sage Grouse

Red Fox

Masked Shrew

Deer Mice

Hazard Indices for Soil Ingestion

Background
Soils

2 to 5

a l l< 1

a l l < 1

al l< 1

20 to 70

a l l < 1

Off-
Impoundment

Soils

10 to 30

< 1 to 2

a l l < 1

< 1 to 2

20 to 60

3 to 8

On-
Impoundment

Soils

20 to 60

<\ to 4

a l l < 1

2 to 10

400 to 2,000

8 to 30

Site Tailings

70 to 200

5 to 10

<1 to 3

8 to 20

3,000 to 8,000

30 to 90

Based on relative HI values, the risks predicted for the masked shrew are the highest observed for any of
the representative wildlife species with HI values greater than of one for all exposure areas. The highest
risks are predicted for ingestion of tailings with HI values as low as <1 to 3 for the greater sage grouse to a
8,000 for the masked shrew. Risks for exposure to On-impoundment soils is higher than Off-Impoundment
soils. The lowest overall risks are predicted for representative wildlife species exposed to soils at areas
identified as background.

A review of the detailed HQ values presented in Appendix E reveals which COPCs are contributing to the
predicted risk for each exposure area. Figure 7-17 provides a summary of the contribution of COPCs to the
HI for each representative wildlife species for each exposure area. These results are discussed in the
following paragraphs.

• Background Soils. HQs and total His for the American kestrel, red fox, deer mouse, and greater-
sage grouse are all less than one. For the American robin, chromium concentrations are slightly
above the selected NOAEL TRY (HQ of 2). Calculated HQs for arsenic, barium, and lead are all
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greater than one for the masked shrew, with the highest HQ values observed for lead (HQ range
from 20 to 50).

Off-Impoundment Soils. Similar to background soils, HQs and total His for the American kestrel,
the red fox, and the greater-sage grouse are all less than one. HQs for the American robin are
greater than one for barium, cadmium, lead, and zinc (maximum HQ of 10). HQs for the masked
shrew are greater than 1 for arsenic, barium, cadmium, lead, and zinc. Lead concentrations
contributed the most to the total HI. For the deer mouse, only lead HQs (range of 2 to 6) are
greater than one. In general, HI values for all representative wildlife species are higher for Off-
Impoundment soils compared to background.

On-Impoundment Soils. Total His for on-impoundment soils are greater than one for all
representative wildlife species except the greater-sage grouse. Aluminum, chromium, and lead
HQs contributed most to the total HI. In addition to these COPCs, antimony, arsenic, barium and
zinc also contribute significantly to the total HI for the masked shrew. In general, HI values for all
representative wildlife species are higher for On-Impoundment soils compared to off- impoundment
soils.

Tailings. The total HI values for all representative wildlife species are greater than one. HQ
values for lead and antimony contributed the most to the total HI for most species. However, HQs
for other COPCs such as aluminum, arsenic, cadmium, chromium, copper, mercury, selenium and
zinc also contribute to risks for the American robin and masked shrew. In general, HI values for all
representative wildlife species are higher for tailings compared to on-impoundment soils.

HI values greater than one for at least one species within all exposure areas indicate that risks for wildlife
related to incidental ingestion of soils is likely. The COPCs which contribute most to excess risks are
aluminum, antimony and lead; however, other COPCs are also of concern for the American robin and
masked shrew.

7.5.5 Food Chain

Potential risks for wildlife receptors from exposure to COPCs in food chain items are characterized by use
of the HQ approach. The HQ is defined as the ratio of the dose to the appropriate TRY (Table 6-8):

_ Dosediet
—

_
diet ~ ——

LKVdiet

where:

Dosediel = Average Daily Dose of COPC via ingestion of food (mg/kg BW/day)
TRVdlel = Toxiciry reference value for dietary exposure (mg/kg BW/day)
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The five dietary media evaluated in the SERA are ingestion of benthic invertebrates, fish, plants,
earthworms, and small mammals. The results for each dietary item are presented in the following
subsections.

7.5.5.1 Benthic Invertebrates

The HI values for each representative wildlife species (the mallard duck) consuming benthic invertebrates
for each exposure area are presented as a range in the following text table using both NOAEL and LOAEL
TRVs (Table 6-8). The detailed HQdiet values calculated for each COPC are provided in Appendix E.

Receptor

Mallard Duck

Hazard Indices for Benthic Invertebrate Ingestion

Silver Creek -
upstream

1 ,000 to 6,000

Silver Creek -
downstream

400 to 2,000

Wetlands
Area

200 to 2,000

South
Diversion Ditch

400 to 3,000

The HI values for the mallard are greater than one within all exposure areas with the highest risks predicted
for upstream Silver Creek. It is important to note that benthic tissue concentrations are estimated using
sediment EPC values and BSAFs (Section 5.3.5.1). Actual tissue concentrations of metals in benthic
invertebrates are expected to be lower. For the mallard, HQ values for most COPCs are greater than one
based on both NOAEL and LOAEL TRVs. Cadmium, copper, lead and zinc appear contribute to the
majority of the predicted risk (Figure 7-18).

7.5.5.2 Fish

The HI values for each representative wildlife species (the belted kingfisher and mink) consuming fish for
each exposure area are presented as a range in the following text table using both NOAEL and LOAEL
TRVs (Table 6-8). The detailed HQdiet values calculated for each COPC are provided in Appendix E.

Receptor

Belted Kingfisher

Mink

Hazard Indices for Fish Ingestion

Silver Creek -
upstream

10,000 to 30,000

20,000 to 50,000

Silver Creek -
downstream

4,000 to 8,000

5,000 to 10,000

Wetlands
Area

1 ,000 to 4,000

2,000 to 6,000

South
Diversion Ditch

3,000 to 8,000

4,000 to 10,000

The HI values for the belted kingfisher and mink are greater than one within all exposure areas with the
highest risks predicted for upstream Silver Creek. Aluminum, arsenic, lead and zinc appear to be
contributing to the majority of the predicted risk.. Similarly for the mink, HQ values for most COPCs are
greater than one, with antimony and lead (maximum HQs of 8,000 and 10,000), contributing most to the total
HI (Figure 7-19). It is important to note that fish tissue concentrations are estimated using sediment EPC

SERA for Richardson Flat Tailings 7 - 2 4 February 2002



DRAFT

values and BSAFs (Section 5.3.5.1). Actual tissue concentrations of metals in fish are expected to be
lower.

7.5.5.3 Plants

The HI values for each representative wildlife species (deer mouse and Greater-sage grouse) consuming
terrestrial plants for each exposure area (background soils, off-impoundment soils, on-impoundment soils are
presented as a range in the following text table using both NOAEL and LOAEL TRVs (Table 6-8). The
detailed HQdicl values calculated for each COPC are provided in Appendix E.

Receptor

Deer Mouse

Greater-Sage Grouse

Hazard Indices for Plant Ingestion

Background
Soils

<1 to 3

a l l < 1

Off-
Impoundment

Soils

3 to 6

<1 to 2

On-
Impoundment

Soils

2 to 5

a l l < 1

Tailings

20 to 40

3 to 9

The HI values for the deer mouse are greater than one within all exposure areas with the highest risks
predicted for exposure to plants growing on tailings followed by off-impoundment and on-impoundment
soils. Risks to the Greater-sage grouse are predicted to be lower than those for the deer mouse. Within
the background and on-impoundment soils exposure areas, all HI values are less than one. Within the off-
impoundment and tailings exposure areas the HI values are greater than 1 but no individual HQ value is
greater than one.

For both off-impoundment and on-impoundment soils, lead concentrations in plants are the primary risk
drivers (Figure 7-20). For tailings, cadmium, lead, selenium and zinc concentrations in plants are the risk
drivers. In interpreting the HI values, It is important to note that plant tissue concentrations are estimated
using soil EPC values and bioaccumulation factors or models (Section 5.3.5.2). Actual tissue concentrations
of metals in plants may be lower or higher.

7.5.5.4 Earthworms

The HI values for each representative wildlife species (American Robin and Masked Shrew) consuming
earthworms for each exposure area (background soils, off-impoundment soils, on-impoundment soils are
presented as a range in the following text table using both NOAEL and LOAEL TRVs (Table 6-8). The
detailed HQdiet values calculated for each COPC are provided in Appendix E.
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Receptor

American Robin

Masked Shrew

Hazard Indices for Earthworm Ingestion

Background
Soils

30 to 100

200 to 600

Off-
Impoundment

Soils

1 00 to 900

1 ,000 to 4,000

On-
Impoundment

Soils

70 to 300

700 to 2,000

Site Tailings

500 to 3,000

6,000 to 20,000

The HI values for the American robin and the masked shrew are greater than one within all exposure areas
with the highest risks predicted for ingestion of earthworms from tailings followed by off-impoundment and
on-impoundment soils and then background. Risks predicted for the masked shrew are approximately 10-
fold higher than those for the American robin. For both off-impoundment and on-impoundment soils,
ingestion of lead concentrations in earthworms is the primary risk drivers (Figure 7-21). For tailings,
ingestion of cadmium and lead in earthworm tissues are the primary risk drivers. It is important to note that
plant tissue concentrations are estimated using soil EPC values and bioaccumulation factors or models
(Section 5.3.5.3). Actual tissue concentrations of metals in earthworm tissues is unknown and may be
lower or higher than the estimates used to evaluate risks..

7.5.5.5 Small Mammals

The HI values for each representative wildlife species (American kestrel and red fox) consuming small
mammals for each exposure area (background soils, off-impoundment soils, on-impoundment soils are
presented as a range in the following text table using both NOAEL and LOAEL TRVs (Table 6-8). The
detailed HQdiet values calculated for each COPC are provided in Appendix E.

Receptor

American Kestrel

Red Fox

Hazard Indices for Small Mammal Ingestion

Background
Soils

4 to 10

<1 to 3

Off-
Impoundment

Soils

10 to 90

5 to 9

On-
Impoundmcnt

Soils

6 to 20

3 to 5

Site Tailings

20 to 200

10 to 20

The HI values for the American kestrel and red fox are greater than one within all exposure areas with the
highest risks predicted for ingestion of small mammals from the tailings exposure area followed by off-
impoundment and on-impoundment soils and then background. Risks predicted for the American kestrel
are approximately 10-fold higher than those for the red fox. For both off-impoundment and on-
impoundment soils, ingestion of cadmium and lead in small mammals are the primary risk drivers (Figure 7-
22). For tailings, ingestion of cadmium, lead and selenium in small mammal tissues are the primary risk
drivers. It is important to note that small mammal tissue concentrations are estimated using soil EPC values
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and bioaccumulation factors or models (Section 5.3.5.4). Actual tissue concentrations of metals in small
mammals is unknown and may be lower or higher than the estimates used to evaluate risks.

7.5.6 Wildlife Summary

The results of the SERA indicate a potential for adverse effects to wildlife receptors associated with the
ingestion of metals in surface water, sediment, soil, benthic invertebrates, fish, plants, earthworms and small
mammals. Based on the evaluation of the HI values in the previous subsections the following is summarized
concerning potential risks for wildlife:

• Ingestion of Surface Water. Risks are predicted only for upstream Silver Creek for the masked
shrew and Greater-Sage grouse as a result of ingestion of lead in surface water. All other HI
values for wildlife are less than one and below a level of concern.

• Ingestion of Seep Water. Risks are predicted only for upgradient groundwater for the masked
shrew ingesting lead. All other HI values for wildlife are less than one and below a level of
concern.

• Ingestion of Sediment. Total His for the mallard, belted kingfisher and mink from the incidental
ingestion of sediment are greater than one for all locations in Silver Creek, the south diversion ditch,
and the wetlands area. HI values are highest for upstream Silver Creek followed by downstream
Silver Creek, the wetlands area, and the south diversion ditch. Lead and aluminum contribute the
most to risk for avian receptors while antimony and lead contribute the most to predicted risks for
the mink.

Ingestion of Soil. Total His are greater than one for all avian and mammalian representative
species for on-impoundment soils and tailings. HI values are also greater than one for some species
for off-impoundment soils. Aluminum and lead contributes the most to predicted risks for on-
impoundment soils while lead is the primary contributor to risks for off-impoundment soils. In
background soils, arsenic, barium and lead contribute the most to predicted risks for the American
robin and the masked shrew. Risks for exposure to On-impoundment soils is higher than Off-
Impoundment soils. The lowest overall risks are predicted for representative wildlife species
exposed to soils at areas identified as background.

• Ingestion of Benthic Invertebrates. Total HI values for the mallard are greater than one for all
exposure areas. The primary contributors to risk are cadmium, lead and zinc. Risks (based on
relative HI values) are highest for upstream Silver Creek followed by the south diversion ditch and
the wetlands area and downstream Silver Creek.

Ingestion of Fish. Total HI values for the belted kingfisher and mink are greater than one for all
exposure areas. Aluminum, antimony, lead and selenium contribute most to the predicted risks for
the mink. For the belted kingfisher, aluminum, arsenic, cadmium and zinc contribute the most to
predicted risks.
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Ingestion of Plants. HI values are greater than one for both species evaluated (the Greater-sage
grouse and the deer mouse) for some exposure areas (off-impoundment soils and tailings). Lead
and selenium are the primary contributors to the predicted risks. Risks (based on relative HI
values) are highest for tailings followed by off and on-impoundment soils and background.

• Ingestion of Earthworms. HI values for both representative species are greater than one for all
exposure areas. Lead and mercury are the primary contributors to the predicted risks. Risks
(based on relative HI values) are highest for tailings followed by off-impoundment soils, on-
impoundment soils and background.

• Ingestion of Small Mammals. Total HI values for both species (the American kestrel and red
fox) are greater than one for exposure areas. Cadmium, lead and selenium are the primary
contributors to the predicted risks.

7.6 Summary of SERA Results

The primary findings of the SERA for the RFT Site are summarized in Table 7-11. These findings are used
to identify the data need to complete a more detailed analyses of ecological risks. These data gaps and
recommended data to fill them are discussed further in Section 9.0.
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8.0 UNCERTAINTIES

The HQ values presented should not be interpreted as highly precise estimates of actual risk of ecological
effects. Quantitative evaluation of ecological risks is limited by uncertainty (lack of knowledge) regarding a
number of important data, exposure, toxicity, and risk factors. This lack of knowledge is usually
circumvented by making estimates based on whatever limited data are available, or by making assumptions
based on professional judgement when no reliable data are available. Because of these assumptions and
estimates, the results of the risk calculations are themselves uncertain, and it is important for risk managers
and the public to keep this in mind when interpreting the results of a risk assessment.

The USEPA recommends that an ecological risk assessment include a discussion of uncertainties that
influence the interpretation of the results (USEPA, 1997). This section summarizes the key sources of
uncertainty influencing the results of the SERA. The discussion of uncertainties is organized according to
the components of the SERA. A tabular summary is provided in Table 8-1.

8.1 Uncertainties in Problem Formulation

8.1.1 Selection of Receptors

Risks to wildlife are assessed for a small subset of the species likely to be present at the RFT Site. The
representative wildlife species selected for quantitative evaluation represent a range of taxonomic groups

I and life history types. An effort was made to select species representing the full range of possible
exposures present in the area. This analyses, however, was completed in the absence of site-specific
information concerning wildlife species and habitat present at the RFT site. These species may not,
however, represent the full range of sensitivities present. The species selected may be either more or less
sensitive to contaminant exposures than typical species located within the area. In particular, the relative
sensitivities of reptiles as compared to birds, mammals, or amphibians are unknown. It is assumed that the
risks to these organisms are at least qualitatively similar to risks to birds, mammals, and amphibians. Reptile
species were not selected, as toxicity data for ingestion exposures to contaminants is limited.

8.1.2 Selection of Exposure Pathways

The exposure pathways selected for evaluation in the SERA are not inclusive of all potential exposure
pathways for all ecological receptors. It is necessary to select a subset of possible exposure pathways for
two primary reasons: 1) There is not enough information available to evaluate an exposure pathway and 2)
it is necessary to limit the effort required when completing the assessment. For the SERA, the pathways
selected for analyses are believed to represent those where contaminant exposures are highest.

8.1.3 Exposure Pathways that could not be Evaluated

Certain exposure pathways could not be evaluated in the SERA including:
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• Exposures for amphibians to COPCs in soil and dust via inhalation, direct contact or ingestion could
not be evaluated due to a lack of dose-response information for these exposure pathways as well as
a lack of exposure parameters necessary to estimate COPC doses.

• Exposures for amphibians to COPCs in sediment, surface water, seeps and the aquatic food chain
via ingestion could not be evaluated due to a lack of dose-response information for these exposure
pathways as well as a lack of exposure parameters necessary to estimate COPC doses.

8.1.4 Selection of Ecological Contaminants of Potential Concern (COPCs)

The methodology used to select COPCs in the SERA may result in a number of uncertainties. These
uncertainties are outlined below.

Risk evaluation is only completed for those contaminants that have been identified as COPCs
through the screening process. Not evaluating contaminants that are not identified as COPCs, but
for which data are available may result in a slight underestimate of risk.

• Contaminants that are not detected, but for which the detection limit exceeds a level of concern are
identified as a source of uncertainty. USEPA (1989) suggests eliminating those contaminants that
have not been detected in any samples of a particular medium, although the detection limits exceed
levels of ecological concern. It is assumed that these contaminants would only have a negligible
effect on risk levels and would not likely result in a significant underestimate of risk.

• Contaminants with a detection frequency less than five percent are identified as a source of
uncertainty. It is assumed that the infrequent presence of these contaminants would have only a
negligible effect on risk levels and would not likely result in a significant underestimate of risk.

Although a reference (background) comparison screening step for inorganics is identified in the
COPC selection process, this reference comparison is not effectively used in the selection process
as the sample sizes for all reference data sets are too small (sample size less than five) or are not
representative of background.

8.2 Uncertainties in Exposure Assessment

8.2.1 Environmental Concentrations

In the exposure assessment, the desired input parameter is the true mean concentration of a contaminant
within a medium, averaged over the area where exposure occurs. For the RFT Site, environmental data
were not obtained in a truly random fashion and are likely to be biased toward areas of maximum
contamination. In addition, the available data sets for the SERA are currently incomplete, which provides a
limited means for deriving reliable exposure estimates.
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The techniques used for data sampling and analysis, and methods used for selecting contaminants for
evaluation in the risk assessment may result in a number of uncertainties. These uncertainties are itemized
below.

Analyzed samples may not represent the actual levels of contaminants at the RFT Site. This may
result in either an over- or underestimate of risk.

• Systematic or random errors in the contaminant analyses may yield erroneous data. These types of
errors may result in a slight over- or underestimate of risk.

The UCL95 or maximum concentrations are used to represent levels of exposure for terrestrial
wildlife. Use of these upper bound concentrations provides a conservative estimate of average
RFT Site concentrations; actual exposures may, however, be lower or higher.

8.2.2 Lack of Data on Extent of Contamination in Seeps

Analytical data for the seep located at the base on the main embankment are not available. Aquatic and
terrestrial receptors may be exposed to contamination in the seeps via direct contact or ingestion.
Groundwater data from several monitoring wells near the seep were used to evaluate possible risks
associated with the seeps. Use of the groundwater data may result in either an under- or overestimation of
risks.

8.2.3 Limited Data on the Extent of Contamination in the Wetlands

Surface water and sediment data for the wetlands area located west of the main embankment are limited.
Previous reports indicate that the wetland sediments are tailings (ESE, 1993). Aquatic and terrestrial
wildlife may be exposed to contamination in sediment and surface water in the wetlands by direct ingestion
or the ingestion of food. The SERA analyses is limited to 4 sediment samples from the wetland. Use of
these limited data may result in either an under- or overestimation of risks.

8.2.4 Limited Analyses of Soil Samples

Soil samples (either on impoundment or off impoundment) were analyzed for all metals in only 20% of the
samples collected. All samples were analyzed for both arsenic and lead. This limits the data set for soils
for ecological risk analyses and may result in either an under or overestimation of risks as lead and arsenic
are not the only COPCs of concern for ecological receptors to soil contamination and do not represent the
COPCs associated with the highest risk.

8.2.5 Lack of Data on Extent of Contamination in Biological Tissues

The most direct way to assess dietary exposures for ecological receptors is to measure tissue burdens of
COPCs. This measurement eliminates uncertainties associated with estimating the uptake and transfer of
contamination from soils, surface water, sediments, and seeps into either the aquatic or terrestrial food
chain. Currently, data are not available on tissue concentrations of COPCs in any biological tissues at the
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RFT Site. The lack of data may result in either an under- or overestimation of risks. Collection of data on
tissue burdens of COPCs would reduce the uncertainties. Collection of tissue samples concurrently with
soil and/or sediment samples would provide correlation of tissue burdens with environmental concentrations.

8.2.6 Wildlife Exposure Factors

Ingestion-related exposure assumptions for wildlife are based on literature-derived information concerning
average body sizes, diet compositions, consumption rates, and metabolic rates. Much of this information is
derived from laboratory-reared animals and may not be representative of feral organisms. Moreover, the
actual diet composition of an organism will vary daily and seasonally. These uncertainties could either
under- or overestimation the actual exposures of wildlife to COPCs in water, sediment, soil and diet.

8.2.7 Estimation of Doses for Terrestrial Wildlife

Estimates of wildlife exposure due to incidental sediment ingestion conservatively assume that 100% of the
metals present are biologically available (100% will be ingested and absorbed in the gut). This assumption
likely overestimates contaminant doses to wildlife, as absorption efficiencies for most metals are less than
100%.

It is also assumed in the calculation of contaminant doses for wildlife that contaminants present in
environmental media have the same bioavailability as contaminants in laboratory test media. This
assumption is conservative because laboratory testing purposely includes dosing regimes (method of
administration and contaminant form) to insure a uniform and maximum uptake of contaminants.

8.3 Uncertainties in Effects Assessment

8.3.1 General Use of Toxicity Screening Benchmarks

The literature-derived data used to identify toxicity benchmarks contain uncertainties related to the
application of generic data to site-specific conditions. The toxicity benchmarks identified for the SERA are
based on data from a wide range of sites and conditions, many of which may be quite different from the
conditions at the RFT Site. These literature-derived values are expected to be less accurate than site-
specific data, but the magnitude and direction of any errors introduced by their use are unknown.

There are often important site-specific factors that may tend to modify (often decrease) the toxicity of
metals in surface water, sediments and soil. In general, these site-specific factors are referred to as
"bioavailability" factors. For example, metals in surface water may be bound to soluble organic materials
that reduce the tendency for the metal to bind to respiratory structures of fish or benthic organisms.
Similarly, the presence of organic matter in soil, along with other substances, may have a significant
influence on actual toxicity. One of the best ways for investigating the importance of such factors is to
perform toxicity tests using site-specific media, either by in-situ assays or laboratory bioassays. The results
of site-specific toxicity studies can significantly increase the accuracy of the ERA process.
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8.3.2 General Use of Sediment Toxicity Benchmarks

A potential limitation to the use of sediment screening benchmarks is that not all of the metals in the bulk
sediment may be available for dissolution into the pore water. Studies by a number of researchers have
found that the tendency of certain metals in sediment to dissolve into the pore water is determined in large
part by the amount of sulfide present in the sediment (Hansen et al., 1996; Ankley, 1996; Ankley et al.,
1996). This is because divalent cations of heavy metals such as cadmium, copper, lead, zinc, and nickel
form highly insoluble complexes with sulfides. Thus, if the sediment contains sufficient sulfide to complex
the metals, then dissolution into pore water and resultant toxicity to benthic organisms is not expected
(Hansen et al., 1996; Ankley, 1996; Ankley et al., 1996).

Based on these considerations, one method for evaluation of site-specific effects and risks for benthic
invertebrates to metals in sediments is to measure the amount of acid-extractable cadmium, copper, lead,
zinc, nickel, and mercury (these are referred to as Simultaneously Extractable Metals, or SEM). The SEM
is compared to the simultaneously measured level of Acid Volatile Sulfide (AVS). If the measured level of
SEM (mmol/g) is the same or less than AVS (mmol/g), then it is expected that the metals in sediment are
not contaminantly available to partition to pore water. Thus, toxicity to benthic invertebrates is not of
concern. If the concentration of SEM exceeds the concentration of AVS, then there is a possibility of metal
release to pore water and possible toxicity. An exceedance of AVS by SEM is not proof that toxicity will
occur, especially if the exceedance is fairly small (e.g., less than approximately 5 mmol/g) (Hansen et al.
1996). This is due to the observation that other materials in sediment (e.g., organic carbon) may also bind

\ metals (Mahony et al., 1996; Hansen et al., 1996).

Another direct method for measuring exposure and assessing risks for sediment-dwelling benthic
invertebrates is to measure the concentration of metals in the sediment pore water and to compare those
measurements to appropriate screening benchmarks or to complete toxicity testing in the laboratory
exposing test organisms to site whole phase sediment samples.

8.3.3 Absence of Toxicity Benchmarks

Toxicity screening benchmarks were not available for all COPCs. A summary of these unavailable
benchmarks is provided below. The lack of these benchmarks may result in the under-estimation of
potential risks.
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Absence of Toxicity Screening Benchmarks

Type of Benchmark

Ambient Water Quality Criteria for Aquatic
Receptors for Direct Contact with Water

Toxicity Benchmarks for Amphibians for Direct
Contact Exposures with COPCs in surface
water or seep water.

Toxicity Benchmarks forBenthic Invertebrates
for Direct Contact Exposures to COPCs in
Sediment

Toxicity Benchmarks for Soil Fauna for Direct
Contact Exposures to COPCs in Soil

COPC

Antimony, barium, beryllium, boron, calcium, cobalt, lithium,
magnesium, manganese, molybdenum, potassium, sodium,
strontium, thallium or vanadium
Chronic Criteria Only: iron
Acute Criteria Only: silver

Boron, thallium, vanadium, cobalt, chromium, manganese,

Barium, beryllium, cobalt, selenium, thallium, vanadium

Antimony

8.3.4 Absence of Wildlife TRVs

Avian toxicity data for antimony and silver were not available in either of the secondary review sources
(Sample et al., 1996 and Engineering Field Activity West, 1998). Quantitative assessments of risks to avian
species related to exposure to antimony and thallium were not performed. This uncertainty results in an
underestimation of risks.

J

8.3.5 Derivation of Wildlife TRVs

Toxicity information for many contaminants is often limited. Consequently, there are varying degrees of
uncertainty associated with the wildlife toxicity reference values. These uncertainties may result in an
over- or underestimate of risk. Sources of uncertainty associated with toxicity values are listed below.

• Uncertainty in toxicity factors arises from the lack of knowledge on the potential interactive effects
of different contaminants. Most TRV values are derived from studies of the adverse effects of a
single contaminant. However, exposures to ecological receptors usually involve multiple •
contaminants, raising the possibility that synergistic or antagonistic interactions might occur. This
sort of interaction is of particular importance with regard to metals, since it is known that the
absorption and toxicity of some metals interact in complex ways. However, data are not adequate
to permit any quantitative adjustment in toxicity values or risk calculations based on inter-
contaminant interactions. This uncertainty may result in over- or underestimates of risk.

Using dose-response information from effects observed at high doses to predict the adverse effects
associated with lower doses may result in a slight to moderate overestimate of risk.
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9.0 DATA GAPS AND RECOMMENDATIONS

The following sections describe the data gaps present in the SERA that need to be filled to complete a
quantification of ecological risks. The data gaps are discussed according to potential ecological receptor and
exposure medium. The potential exposure media include surface water, sediments, soils and diet. The
results of the SERA are summarized in Table 7-11 and are used to discuss data gaps which are described in
Table 9-1. The data gaps and recommendations are segregated into analytical data, toxicological data and
biological data requirements. Each is discussed with regard to exposure areas on the RPT site including
silver creek, the wetland and embankment area, the diversion ditches, on-impoundment soils and off-
impoundment soils.

9.1 Silver Creek

Upon examination of the HQ values calculated and presented as Figure 7-1, 7-2 and 7-5 it evident that the
surface waters and sediments of Silver Creek are more contaminated with metals upstream of the RFT site
compared to downstream. The SERA results show there are risks for aquatic life and terrestrial wildlife for
Silver Creek both upstream and downstream of the RFT Site. However, it is concluded based on the SERA
information that the RFT Site is not contributing to increased risks in Silver Creek based on both the
available surface water and sediment data. Based on this conclusion, further sampling and risk evaluation
of Silver Creek in relation to the RFT Site not recommended.

This recommendation, however, is based on the assumption that the risks occurring in Silver Creek will be
addressed as part of the risk evaluation of the upstream sources and that any decisions concerning actions in
Silver Creek will consider possible influences of future contaminant transport from RFT into Silver Creek.
For example, if the metals present in sediments and/or surface water are reduced in Silver Creek (as a result
of clean up activities) then the possible discharges from the RFT Site could decontaminate the surface water
or sediments and/or become the dominant influence on metal loading.

This recommendation is also exclusive of the reported flood plains tailings pile located immediately west of
the tailings impoundment and covering about 6 acres along the banks of Silver Creek (USEPA, 1991).
This source is reported to be located on the western side of Silver Creek about 300 feet upstream of the
confluence of Silver Creek with the wetland area and extends from there for about 2500 feet upstream. The
USEPA and the State of Utah both observed tailings entering Silver Creek from the flood plain tailings pile
during site visits for the HRS Scoring (USEPA, 1991). According to analyses performed in 1985 and 1989,
the flood plain tailings pile contains arsenic, cadmium, copper, lead, mercury, silver, and zinc (USEPA,
1991). The HRS data is excluded from the SERA as not representative of current conditions on the RFT
site in the main impoundment area. Outside of the main impoundment area there could be as many as five
samples from this tailings area but the locations are not known (Figure 3-1). It is also not clear from current
site boundary information if this area is now part of the RFT Site. This is identified as a data gap for the
baseline ERA. If the floodplain tailings are part of the RFT Site then this area needs to be further
investigated and recommendations will be provided at a later date.

J
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9.2 Wetland Area and Embankment

9.2.1 Analytical Data

There is currently no data available on the extent of contamination in the surface waters of the wetland area
or the seeps at the base of the embankment. The SERA used groundwater data to screen for possible risks
associated with the discharge of contaminated groundwater to the wetland. These results for aquatic
receptors (Figure 7-6) and amphibians (Figure 7-9) show possible risks for both of these receptor groups
associated with exposure to metals in seep water. More accurate risk estimates could be calculated if
analytical data from the seeps and the surface water of the wetland were available.

It is recommended that sampling of surface water and seep water be completed to provide data for risk
analyses for aquatic receptors, wildlife and amphibians. The samples should be analyzed for the Target
Analyte List (TAL) metals. In addition to the analytical measurements, general water quality data should
be collected including dissolved oxygen, conductivity, alkalinity, dissolved solids, total suspended solids
and pH. All of these factors influence either the potential toxicity of metals or habitat quality.

Additional sediment samples are also recommended from the wetland area. The SERA results are based on
evaluation of only 4 sediment samples. Additional sediment samples with concurrent measurements of
metals in sediment pore water should be also be collected. The sediment samples would be analyzed for
TAL metals and the pore water samples for both total and dissolved TAL metals. The pore water analytical
results will be used to evaluate the potential bioavailability and toxicity of the metals in sediment.

9.2.2 Biological Data

There is currently no information available describing the type of wetlands present or habitat. This
information is critical to understanding what ecological receptors (aquatic and terrestrial) are using this area
of the RFT site and what the possible exposure pathways may be. The type of wetland habitat available
determines use by wildlife. It is recommended that the wetland area be surveyed to identify the type of
plants present as well as any signs of wildlife use. This survey would be qualitative in nature with the
purpose of describing the type of habitat present. This information would then be used to identify the
possible species of wildlife present.

Sampling of macroinvertebrates from the wetland area is recommended to identify what species are present
within the area and may be exposed to contamination in seeps, surface water and sediments. This
information will also be used to possible site-specific toxicity testing.

9.2.3 Toxicological Data

The SERA results predict that surface water, seep water and sediments in the wetland area are likely to be
toxic to aquatic receptors. However, site-specific toxicity of the COPCs in these environmental media is
not known and could be potentially very different from that predicted. It is recommended that site-specific
toxicity testing of environmental media be considered after collection of the basic habitat information along
with the goals of the overall RJ/FS program. These results will reduce uncertainties in the conservative
screening calculations used the SERA and can be used to identify the need for and focus remediation efforts
to reduce risks.
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The toxicity of the seeps to aquatic life could be directly testing using standard surface water toxicity tests
with either the daphnid (Ceriodaphnia dubid) and/or the fathead minnow (Pimephales promelas). The
results of these tests would provide direct evidence concerning the toxicity of the seep water and its
contribution to surface water toxicity in the wetland. This of course assumes that the wetland habitat
present does support aquatic receptors (including amphibians) for at least a portion of the year.

The analytical data presented in this SERA shows substantial contamination of sediments within the
wetland area. ESE (1993) concluded that the sediments in the wetland were equal to tailings material. The
mean PEC Quotients calculated for wetland sediments (Section 7.2.2.2) indicate that probability of
observing toxicity is 100% for 3 of the 4 samples and 88% for a fourth sample. Based on the results of the
habitat survey and the use of the area by aquatic and terrestrial wildlife, it may be useful to measure site-
specific sediment toxicity using EPA standard whole phase sediment toxicity test protocols with either
chironomids and/or the amphipod (Hyallela aztecd). Toxicity testing of sediment pore water samples is
also an option using the standard surface water toxicity testing discussed with regard to toxicity of seeps.

9.2.4 Biological Tissue Data

Risks are predicted for wildlife receptors in the SERA for ingestion of aquatic food items (fish and benthic
invertebrates) based on the estimated concentrations of COPCs in these items using existing BSAF models
are a conservative assumption. Ingestion offish and benthic invertebrates contributes the most of the HI
values for each representative species (Figure 9-1) compared to incidental ingestion of sediments. The
models and assumptions (i.e., ratio of 1 :1 between sediment to fish tissue) are conservative and likely
overestimate the site-specific uptake of metals and risk.

The bioavailability and uptake of metals from surface water, sediments, and food in the aquatic
environment for metals is driven by many site-specific factors. For some contaminants, in particular,
mercury and selenium, uptake is not driven by concentrations in sediment and/or water but instead is driven
by site-specific microbial activity that controls conversion of the metals from inorganic to organic forms.
based on site-specific factors that are difficult to impossible to predict. To reduce the uncertainties in these
risk estimates, it is recommended that measurements of metals concentrations be made in aquatic food items
available from the wetland for terrestrial wildlife species. Decisions concerning the selection of plant and
aquatic organism species for collection and analyses will be dependant on the outcome of the habitat
survey.

9.3 South Diversion Ditch

[Table 9-1 complete but not text]

9.3.1 Analytical Data

Current sampling of the sediments of the South Diversion ditch is adequate for establishing extent of
contamination. It may however be necessary to collect further samples for analyses concurrently with any
toxicity testing, benthic invertebrate sampling, or biological tissue sampling as discussed in the next
sections. Samples should be analyzed for TAL metals. Also, sampling and analyses of TAL metals in
sediment pore water may be useful in understanding the bioavailability and potential toxicity of metals
measured in bulk sediment samples.
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9.3.2 Biological Data

Information on the type of habitat provided by the South Diversion ditch and thus its potential use by
wildlife and aquatic receptors is unknown. Collection of qualitative data on vegetative cover of the South
Diversion Ditch area is recommended to evaluate possible used by wildlife and aquatic receptors. Also
recommended is a qualitative sampling of the diversion ditch (concurrently with sediment and sediment
pore water samples) to identify the presence or absence of macroinvertebrates and the possible use of the
ditch by fish species. Species will be identified to lowest taxonomic level possible.

9.3.3 Toxicological Data

[Table complete but not text]

9.3.4 Biological Tissue Data

[Table complete but not text]

9.4 On and Off-Impoundment Soils

[Table complete but not text]
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Figure 1-1
Richardson Flat Tailings Site Location Map

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 1-1 RFT Location Map.ppt
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Screening Problem Formulation

Identify sources of contamination
Identify ecological receptors (aquatic and terrestrial)
Identify migration pathways (runoff, leaching, etc.) from source(s) to exposure medium (surface water,

seeps, sediment, soil, aquatic and terrestrial food chain) for ecological receptors
Identify exposure pathways (ingestion, dermal contact, etc.) for ecological receptors
Construct Site Conceptual Model (SCM) that visually depicts the above.
Select Contaminants of Potential Concern (COPCs)
Identify goals and endpoints for the Screening Ecological Risk Assessment (SERA)

Exposure Assessment

Exposure Point Concentrations (EPCs) are identified for
each receptor (aquatic receptors, terrestrial plants, soil
invertebrates and wildlife), for each COPC, for each
medium of concern:

Aquatic Receptors - EPCs in surface water, sediment
and seeps at each sampling location.

Terrestrial Plants and Soil Invertebrates - EPCs in
soils for four exposure units (background, off-
impoundment, on-impoundment and tailings)

Wildlife -EPCs in surface water, sediment, seeps and
food items for each of exposure unit. The
concentrations are converted to dose (mg/kg BW/day).

Effects Assessment

Toxicity screening benchmarks are identified for each
COPC for each medium of concern:

Aquatic Receptors and Surface Water/Seeps- Acute
and Chronic Ambient Water Quality Criteria (AWQC)
for each sampling station based on measured
hardness, if applicable.

Aquatic receptors and Sediment - Toxicity effects
range (low and high) benchmarks.

Terrestrial Plants and Soil Invertebrates -Toxicity
effects range (low and high) benchmarks.

Wildlife - Doses of each COPC (mg/kg BW/day)
associated with no observed adverse effects (NOAEL)
and lowest observed adverse effects (LOAEL).

Screening Risk Characterization

Hazard Quotient (HQ) = Exposure Point Concentration (EPC) / toxicity benchmark

Aquatic Receptors and SurfaceWater/Seeps: HQs calculated for each sampling location; based on total and dissolved
concentrations compared to acute and chronic AWQCs.

A quatic Receptors and Sediment: HQs calculated for each sampling location using the range of toxicity benchmarks.

Terrestrial Plants and Soil Invertebrates - HQs calculated for each sampling location using the range of toxicity
benchmarks.

Wildlife: HQs calculated separately for ingestion of surface water, sediment, seeps and food items for each exposure
unit; concentrations compared to NOAEL and LOAEL toxicity reference values (TRVs).

Data Gaps and Recommendations

Figure 1-2
General Process for the Screening Ecological Risk Assessment (SERA)

Screening Ecological Risk Assessment for Richardson Flat Tailings
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STEP1: SCREENING LEVEL
• Site Visit
• Problem Formulation
• Toxicity Evaluation

STEP 2: SCREENING LEVEL
• Exposure Estimate
• Risk Characterization

STEPS: PROBLEM FORMULATION

Toxicity Evaluation

1r

Assessment
Endpoints j. k.^ w

1r

Conceptual Model
Exposure

Questions/Hypotheses

STEP 4. STUDY DESIGN AND DQO
PROCESS

• Lines of Evidence
• Measurement Endpoints
• Work Plan and Sampling and Analysis

STEPS: VERIFICATION OF FIELD
SAMPLING DESIGN

STEP 6: SITE INVESTIGATION
AND DATA

STEP 7: RISK CHARACTERIZATION

STEPS: RISKMANAGAMENT

Risk
Assessor and

Risk
Manager

SMDP = Scientific Management Decision Point

Figure 1-3
Eight Step Process Recommended in Ecological Risk Assessment
Guidance for Superfund (ERAGs) (USEPA, 1997)

Screening Level Ecological Risk Assessment for Richardson Flat Tailings

Fig 1-3 ERAGS steps.doc
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Figure 2-1
Richardson Flat Tailings Site Map

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 2-1 RFT Site Map.ppt Source: Resource Management Consultants, 2000 (RI/FS Workplan)
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Figure 3-2
RMC Off-Impoundment Soil Sampling Locations

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 3-2 RMC OflSrte Locations.ppt Source: Resource Management Consultants, 2000a [RI/FS Workplan]
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RMC Background Soil Sampling Locations

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 3-4 RMC Bkg Locations.ppt Source: Resource Management Consultants, 2000a [RI/FS Workplan]
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Figure 3-5
Ecology & Environment (1993) Surface Water and Sediment Sampling Locations

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 3-5 E&E Locations.ppt Source: E&E, 1993 - Figure 1
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Figure 3-6
Upper Silver Creek Watershed

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 3-6 Upper Watershedppt Source: USEPA, 2001 [Silver Creek Watershed Report]
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Figure 3-7
USEPA (2001) Upper Silver Creek Watershed
Surface Water and Sediment Sampling Locations

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 3-7 Watershed Locations.ppt Source: USEPA, 2001 [Silver Creek Watershed Report]
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Figure 3-8
UPCM Surface Water Monitoring Locations

Screening Ecological Risk Assessment for Richardson Flat Tailings

Fig 3-8 UPCM SW Locations.ppt Source: RMC, 2001a [RI/FS Workplan]
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Figure 4-1

Ecological Site Conceptual Model

Screening Ecological Risk Assessment for the Richardson Flat Tailings

Ecological Receptors

Release
Mechanism

Secondary
Source

Medium

Pathway not complete - no evaluation

Pathway complete, but considered insignificant relative to other pathways of concern - no evaluation

Pathway complete, but either exposure or toxicity data are not available and risk evaluation impossible - no evaluation

;Pathway complete and selected for quantitative evaluation
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Figure 4-3
Ecological Screening Methodology for COPC Selection

Screening Ecological Risk Assessment for Richardson Flat Tailings

Is compound detected?

yes

yes

no
Is maximum nondetect
concentration > SLa ?

yes

Is compound bioaccumulative?

no

Does compound occur at a
detection frequency greater

than or equal to 5%° ?

yes

no

no

Evaluate
Qualitatively'

Is compound a
physiological electrolyte?

no

yes

Are site concentrations >

background (N > 5)e ?

yes or NA

no

no

Does compound have SL?

yes

Is maximum detected
concentration > SL?

yes

no

SMDP

COPC Not a COPC

Notes:
SL = screening level COPC = chemical of potential concern
NA = not available SMDP = scientific management decision point
a If ecological SL is not available, the adequacy of detection limits will be evaluated qualitatively in the screening ERA as

part of the uncertainty analyses.
b Chemical is not identified as a COPC, but chemical is a source of uncertainty.
c Detection frequency screening step also identifies if chemical is plausibly site-related,
d Physiological Electrolytes include calcium, iron, magnesium, sodium, and potassium,
e Background comparisons are described in the text.

COPC Selection Flowcnart.xls: eco_COCselection, 2/14/2002
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Figure 6-1
Relationship Between Mean PEC Quotient and Incidence of Toxicity in Freshwater Sediments

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site
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Figure 7-1
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-1
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-1
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-1
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-1
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water
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Figure 7-1
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-2
Concentrations of Cadmium, Lead and Zinc in the Upper Silver Creek Watershed

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-3a

Comparison of Dissolved Cadmium Concentrations with Species Mean Acute and Chronic Values for Fish

Screening Level Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-3b

Comparison of Dissolved Lead Concentrations with Species Mean Acute and Chronic Values for Fish

Screening Level Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-3c

Comparison of Dissolved Zinc Cncentrations with Species Mean Acute and Chronic Values for Fish

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-4a

Comparison of Dissolved Cadmium Concentrations with Species Mean Acute and Chronic Values for Benthic Invertebrates

Screening Level Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-4b Comparison of Dissolved Lead Concentrations with Genus Mean Acute and Chronic Values for Benthic
Invertebrates

Screening Level Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-4c

Comparison of Dissolved Zinc Concentrations with Species Mean Acute and Chronic Values for Fish

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-5

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-5

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-5

Sediment Hazard Quotients (HQs) for Aquatic Receptors
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Figure 7-5
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Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-5

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-5

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-6

Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Seeps*

Richardson Flats Tailings Site

Screening Ecological Risk Assessment
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Screening Ecological Risk Assessment
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Figure 7-7
Contribution of COPC HQs from Direct Contact with Surface Water to the Total HI for Amphibians

Screening Ecological Risk Assessment for Richardson Flats Tailings

1000000

1

100000

10000

w 1000

D Arsenic •Cadmium D Copper D Cyanide MLead D Mercury •Selenium • Silver DZinc

•"<<

0.1

K K PS » &_&

Upstream Silver Creek Downstream Silver Creek South Diversion Ditch

Po
nd

ed

I

Amphiblan_SW EPC by station.xls: Graphs
2/10/2002~



DRAFT
Figure 7-8a

Comparison of Total Arsenic Concentrations with Species Toxicity Values for Amphibians

Screening Level Ecological Risk Assessment for Richardson flat Tailing* Site
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Figure 7-8b

Comparison of Total Copper Concentrations with Species Toxicity Values for Amphibians

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-8c

Comparison of Total Lead Concentrations with Species Toxicity Values for Amphibians

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-8d

Comparison of Total Mercury Concentrations with Species Toxicity Values for Amphibians

Screening Level Ecological Risk Assessment for Richards on Flat Tailings Site
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Figure 7-8e

Comparison of Total Zinc Concentrations with Species Toxic ity Values for Amphibians

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-9
Contribution of COPC HQs from Direct Contact with Seeps* to the Total HI for Amphibians

Screening Ecological Ksk Assessment for The Richardson Flats Tailings Site
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Figure 7-10
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-10
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-10
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-10
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-10
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-10
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment ffir Richardson Flat Tailings Site
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Figure 7-11
Contribution of COPCs to the Total HI for Plants from Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-12
Contribution of COPCs to the Total ffl for Plants from Direct Contact with Seep Water

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tail ings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tattings Site
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings She
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Figure 7-13
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Screening Ecological Ksk Assessment for Richardson Flat Tailings Site
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Figure 7-14
Contribution of COPCs to the Total HI for Soil Fauna from Direct Contact with Soils and Tailings

Screening Ecological Risk Assessment for Richardson Flats Tailings
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Figure 7-15
Contribution of Each COPC to the Total HI for Ingestion of Sediment

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-16
Contribution of Each COPC to the Total HI for Ingestion of Seep* Water

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-17
Contribution of Each COPC to the Total HI for Ingestion of Soil/Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-18
Contribution of Each COPC to the Total HI for Ingestion of Benthic Invertebrates

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-19
Contribution of Each COPC to the Total HI for Ingestion of Fish

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-20
Contribution of Each COPC to the Total HI for Ingestion of Plants

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-21
Contribution of Each COPC to the Total HI for Ingestion of Earthworms

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 7-22
Contribution of Each COPC to the Total HI for Ingestion of Small Mammals

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 9-1
Contribution of Each Wildlife Exposure Pathway to the Total HI

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Figure 9-1
Contribution of Each Wildlife Exposure Pathway to the Total HI

Screening Ecological Risk Assessment for Richardson Flat Tailings
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Table 3-1
Summary of Analytical Results for Tailings

Screening Ecological Risk Assessment for Richardson Flat Tailings

Source

^
CN

<"Q_

LU

Ctf
Z

£u

J?
cp

.*
C

C£

•H
S
I

c
gs-

CZ

^

^s
g
CM
l>

3

o

n;
0s-
>.

c

2
s
<-•!

W
5
~

Station ID

RFT-SS-3

RFT-SS-4

RFT-SS-5

RFT-SS-6

RFT-TA-I

RfT-TA-2

RFT-TA-3

RFT-TA-4

RFT-TA-5

RF-TA-TP2

RF-TA-TP3

RF-TSDD-GLS"*

RF-TSDD GL53

RF-TSDD-GL56

RF TSDD GL58

RF-TSDD GL59

Depth

1-3.5 in

3. 5-7.5 in

12.0-17.8 in

17.8-18.0 in

0-6 in

0-6 in

0-6 in

0-6 in

0-6 in

2 f t
3 f t
4 f t
5 f t
6 ft

2-6 ft
2 ft
3 f t
4 f t
5 f t
6 f t

2-6 ft
2 f t
3 f t
4 f t
5 f t
6 f t

2-6 ft
6 in
7 in
18 in
19 in
6 in
18 in
Sin
18 in
6 in
IS in
14 in
20 in
10 in
18 in

2 5 in
3. 5 in

Location Description

Surface tailings; main
tailings pile north of

diversion ditch (main
impoundment)

Easternmost tailings; near
edge of diversion ditch

Near South edge of
diversion ditch

Westernmost tailings; near
south edee of tailines ditch
Southernmost flood plain

tailines
Northernmost flood plain

tailings

Tailings from western
impoundment area

Tailings from central
impoundment area

Tailings from eastern
impoundment area

Tailings South of Diversion
Ditch

/#
na

na

na

na

na

na

na

na

na

2,320

1,550

2.880

1,960

2,610

2.240

2,040

1,385

1,425

2,145

13,800

3.125

813

1,100

1,720

2,440

4,080

1,770

3,313

2,748

26.320

21,130

5,874

22,180

8,373

23,930

2,935

19,950

5,365

24,210

4,374

22.870

2059

32,700

#
na

na

na

na

na

na

na

na

na

41

18

26

69

120

30

151

2095

94

165.5

249.5

180

86

126

216

34

98

86

283

214

2.5

2.5

505

2.5

423

2.5

172

6.3

114

2.5

334

2.5

88

2.5

l°*v
Y*

311

328

218

34

220

208

->22

259

175

148

299

245

167

245

210

2575

434

177

361.5

319

304.5

2 1 1

210

317

199

192

217

459

313

9.7

7.9

637

6.6

6?2

7.3

264

8.6

276

12

426

12

192

7.1

^
53

169

61

na

na

na

95.9

117

250

14

21

46

32

29

22

29.5

29.5

25.5

44

80.5

46.5

23

26

41
•)-)

59

^2

75

39

0.25

I . I

102

0.25

113

0.73

39

7.6

44

1.3

46

1.9

40

0.25

%
na

na

na

na

na

na

na

na

na

8

2.5

10

14

10

7

16

12.5

14.5

17.5

96.5

25

8

9

14

21

39

18

19

18

28

25

30

25

33

26

19

24

16

26

19

29

12

33

^
225

225

335

105

na

205

336

281

265

338

528

953

319

549

446

435.5

250

191

403

1070

501

163

236

L 322

242

331

221

692

497

31

25

1208

32

1323

34

467

28

305

32

798

39

2"- 3

20

^

na

na

na

na

na

na

na

na

na

34.600

77,500

62,800

52,600

48,000

55,900

31,450

29,300

37,700

41,000

33,750

34,600

47.500

34.200

34.600

47.800

47,400

45,500

15.720

11,720

24.270

22,940

21,770

22,780

23.200

23,110

11,260

22,080

72,660

25,200

28,080

24,140

30740

26,910

//,

na

4.720

4,920

1,090

na

na

4,520

9,300

31,600

1,470

3,920

10,200

3,010

3,930

3,440

3,925

3,680

2,495

4,575

12,800

5,575

2,750

3,330

4,900

3,170

5,230

3,400

9,060

7,129

26

24

21,380

19

21,010

57

5,761

34

5,122

122

7,584

85

3 P3

21

^
na

1.97

2.26

0.4

na

na

na

8.2

7.6

0.28

0.45

0.56

0.57

0.76

0.45

6.25

4.6
~> T

5.25

3.05

2J
2 •;

1.5

3.6

85

1.4

1.9

6.3

4.8

0.05

0.05

1 1

0.05

21

0.16

3.6

0.05

4.9

0.29

26

I . I

1 3

0.05

^

na

na

na

na

na

na

na

na

na

2.5

2.5
2 ^

1 1

7

2.5

10.5

7

9

11 .5

15

11

18

11

10

0.98

13

15

9

2.5

2.5

2.5

20

2.5

24

2.5

2.5

2.5

20

2.5

9.7

2.5

9 2

2.5

^
na

13

26

6.9

na

na

22.1

62.S

115

34

9

24

9

19

16

34.5

29

18

38

81

4-1

17

23

37

20

26

20

55

44

2.5

2.5

77

2.5

120

2.5

38

2.5

28

2.5

43

2.5

20

2.5

</;
na

23.200

12,700

1,510

na

5,710

14,100

16.200

33,800

2 ,110

4,810

7,820

5,930

5,830

4,320

5,755

4,635

4,685

6.730

13,800

7.540

3,510

3.670

6,440

6.000

10.300

5,270

14.650

7,926

125

214

15,480

157

18.640

200

7,731

1,306

6,520

236

10,600

324

5 365

97

X

na = QOI analyzed
All uniis are iu mg/kg.
Concentrations presented are the arithmetic mean at each sampling location.
Non-detects "U" are evaluated at 1/2 the reported deteciion limit.
Samples designated as 2-6 ft depth are a composite of split samples from each depth increment.
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Table 3-2
Summary of Analytical Results for On-Impoundment Cover Soils
Screening Ecological Risk Assessment for Richardson Flat Tailings

Source

UJ

LU

R
M

C
 J

un
e 

20
01

 M
o
n
th

ly
 R

e
p
o
rt

Station ID
RF-SO-01
RF-SO-02

RF-SO-03*
RF-SO-04

RF-SO-05
RF-SO-06

RF-ON-1A

RF-ON-1B

RF-ON-IC

RF-ON-ID

RF-ON- 1 E

RF-ON-1G
RF-ON-2A
RF-ON-2B

RF-ON-2C

RF-ON-2D

RF-ON-2E

RF-ON-2F

RF-ON-2G

RF-ON-2H

RF-ON-2H

RF-ON-3A

RF-ON-3B
RF-ON-3B

RF-ON-3C

RF-ON-3D
RF-ON-3D

RF-ON-3E
RF-ON-3E

RF-ON-3F
RF-ON-3G

RF-ON-3H

RF-ON-3I
RF-ON-4A

RF-ON-4B

RF-ON-4C

RF-ON-4C

RF-ON-4D
RF-ON-4D

RF-ON-4E

RF-ON-4F
RF-ON-4F

Depth
N/A

N/A

N/A

N/A

N/A
N/A

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

6-8 in

0-2 in

0-2 in

10-12 in

0-2 in

0-2 in

15-l7in
0-2 in

15- 17 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

0-2 in

8-10 in

0-2 in

8-10 in

0-2 in

0-2 in
5-7 in

/&
21,200

25,300

2,960

25.800

22,000
25,200

na

na

na

na

na

na

na

na

na

na

na

na

na

na

22,600

na

na

22,400
na

na

1 7,600

na

21,800

na

na

na

na

na

na

na

18,900

na
2 1 .600

na

na
21,900

2.5

2.5

142

2.5

5.7
5.6

na

na

na

na

na

na

na

na

na

na

na

na

na

na

2.5

na

na

2.5

na

na

10

na

2.5

na

na

na

na

na

na

na

2.5

na
2.5

na

na
2.5

fa
20.9

3.5
357

5.9

16.6
8.9

15

9.1

12

10

20

121

13

78

7.8

6.8

44

82

12

2.5

6

49

50

22

6.2

46

46

2.5
7

23

12

7.5

9

81
11

12

13

6
7

7

6
8

ty/fa
253

282

1 1 7

267

317
197

na

na

na

na

na

na

na

na

na

na

na

na

na

206

na

210

na

na

na

255

na

360.5
na

na

na

na

187

na

na

240

na

327

na

na

218.5
na

1.1

1

1

1

1.1
1.2

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

3

1.8

83

1.9

5
2.4

na

na

na

na

na

na

na

na

na

na

na

na

na

0.25

1

6

na

1

na

3

4

0.25

0.25

na

na

na

1

na

na

1

4

0.25

0.25

na

0.25
2

5,850

5.900

59,200
5,900

9,480
4,920

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

na

na

na

24.4

27.9

12.9

22.2

24.3
28.2

na

na

na

na

na

na

na

na

na

na

na

na

na

22.5

22

24

na

20

na

24

25

20.5
24

na

na

na

20

na

na

24

21

22

23

na

16
19

13.9

12.7

12.6

15

14.5
10

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

?/^^/^^^/^^///^^/31.4

24.8

454

27.2

50.4

29.4

na

na

na

na

na

na

na

na

na

na

na

na

na

13.5

18

99

na

53

na

81

88

19.5

25

na

na

na

25

na

na

28

37

27

29

na

24
26

21,800

25,600

67,300

23,500

27,500

23,100

na

na

na

na

na

na

na

na

na

na

na

na

na

na

24.400

na

na

27,900

na

na

28,800

na

25,100

na

na

na

na

na

na

na

22,100

na
29,000

na

na

25,400

111

35

5,770

125

223

102

37

44

163

96

336

3,239

49

1,155

19

20

905

2,646

59

17

43

875

851

206

15

515

634

15

33

231

23

25

127

1,350

63

83

140

18
17

20

21

47

4,910

5,200

10,100

5.150

4,780

5,570

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

1.190

637

2,020

899

1,030

697

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

0.055

0.055

3.6

0.05

0.055

0.16

na

na

na

na

na

n a

na

na

na

na

na

na

na

0.05

0.05

0.7

na

0.16

na

0.44

1.5

0.05

0.05

na

na

na

0.05

na

na

0.21

0.78

0.05

0.05

na

0.05

0.23

20.7

21.6

18.5

18.4

21.3

19.9

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

4,730

4,580

917

4,330

4,540

5.650

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

na

na
na

0.305

0.61

25.4

0.305

0.305

0.305

na

na

na

na

na

na

na

na

na

na

na

na

na

2.5

2.5

2.5

na

2.5

na

2.5

2.5

2.5

2.5

na

na

na

2.5

na

na

2.5

2.5

2.5
2.5

na

2.5
2.5

4.1

2

20

2
2
2

na

na

na

na

na

na

na

na

na

na

na

na

na

2.5

2.5

2.5

na

2.5

na

2.5

2.5

3

3

na

na

na

2.5

na

na

2.5

2.5

2.5
2.5

na

3
3

136

319

209

244

248
159

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

na

na
na

0.35

0.43

41.7

0.59

1.9
0.16

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

na

na
na

41.4

56.3

13

51.4

57.4

42.2

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na
na

na

na
na

214

96

10.000

127

432
184

na

na

na

na

na

na

na

na

na

na

na

na

na

63

148

1,010

na

242

na

651

845

50
87

na

na

na

209

na

na

172

273

74

86

na

65

427

! able .12 10 V4 Soils Data.xIsOn Impnd Tov<
2.'I4/2002 Page 1 of 2



Table 3-2
Summary of Analytical Results for On-Impoundment Cover Soils
Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Source Station II) Depth

O

RF-ON-4G 0-2 in
RF-ON-4G 5-7 in
KF-ON-4H 0-2 in
RF-ON-4H 6-8 in
RF-ON-41 0-2 in
RF-ON-5A 0-2 in
RF-ON-5B 0-2 in
RF-ON-SB 16-18 in

RF-ON-5C
RF-ON-5D 0-2 in
RF-ON-5D 10-12 in

RF-ON-5E 0-2 in
RF-ON-5F 0-2 in

RF-ON-5G 0-2 in
RF-ON-5H 0-2 in
RF-ON-6D 0-2 in

26,100

24.700

18,400

na
26,100

na

2.5

2.5

2.5

2.5

17

13

2.5

15

2.5

20

9.2
17

198

175

0.25

0.25

0.25

0.25

0.25

0.25

20

24

21

20

33
39

38

28

25

21

26

26

26,300

26,800

19,600

35,800

20

29

30

344
42

24

159

33

25
333
52
135

0.05

0.05

0.05

0.05

0.05

0.05

2.5

2.5

2.5
2.5

2.5

2.5

2.5
2.5

2.5
2.5

115

72
60

101
74

na = not analyzed

All units are in ing/kg

Non-detects "U" are evaluated at 1/2 the reported detection limit
Concentrations presented are the arithmetic mean for each location.
* Not representative of cover soils, sample location at uncovered tailings.

1 able .1-2 10 1-4 Soils Dai
2- N, 2002

xlsOii-linpiirt Cover S
Page 2 of 2
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Table 3-3
Summary of Analytical Results for Off-Impoundment Soils

Screening Ecological Risk Assessment for Richardson Flat Tailings

Source

c
o
O.
<U
&.
>~.

SZ

C
os

R
M

C 
Ju

ne
 20

01

Location
Description

Transect 1 -
North of the
RFT Site

South of the
RFT Site

Transect 3 -
South of the
RFT Site

Station ID

RF-OF-TIA
RF-OF-TIB
RF-OF-TIT
RF-OF-TID
RF-OF-T1E
RF-OF-T1F
RF-OF-T1G
RF-OF-T1H
RF-OF-T2A
RF-OF-T2B
RF-OF-T2C
RF-OF-T2D
RF-OF-T2E
RF-OF-T2F
RF-OF-T2G
RF-OF-T2H
RF-OF-T2I
RF-OF-T2J
RF-OF-T3A
RF-OF-T3B
RF-OF-T3C
RF-OF-T3D
RF-OF-T3E
RF-OF-T3F
RF-OF-T3G
RF-OF-T3H
RF-OF-T3I
RF-OF-T3J

0-2 inches

A
rs

en
ic

28
12
8
8.2
10.45

1 1
9.1
10
44
13
156
243
238
15.5
6.9
9

7.5
7.4
8.8
47

10
8
6.4
7.8
6.9

7.1
9
7.4

B
ar

iu
m

na
na
199
na

na
na
na
na
na
na
na
na
na

225.5
na
301

na
na
na
236

na
396
na
na
na

na
na
na

C
ad

m
iu

m

na
na
1
na

na
na
na
na
na
na
na
na
na
1.5
na
1

na
na
na
43
na
1

na
na
na

na
na
na

C
hr

om
iu

i

na
na
22
na
na
na
na
na
na
na
na
na
na
21
na
31
na
na
na
21

na
20.5
na
na
na

na
na
na

u
ua.ao
U

na
na
23
na
na
na
na
na
na

na
na
na
na
39
na
26

na
na
na
112

na
34.5
na
na
na

na
na
na

•o
«aj

523
96
62
87
63.5
79
44
34
551
141
4,073
5,875
5,364
191.5
19
62

57
21
58
1,070

78
69.5
17
20
31
27
25
28

M
er

cu
ry

na
na
0.05
na
na
na
na
na
na
na
na
na
na
0.05
na
0.05

na
na
na
3.2

na
0.11
na
na
na
na
na
na

S
el

en
iu

m

na
na
2.5
na
na
na
na
na
na

na
na
na
na
2.5
na
2.5

na
na
na
2.5

na
2.5
na
na
na
na
na
na

u
w>

—ifl

na
na
2.5
na
na
na
na
na
na
na
na
na
na
2.5
na
2.5

na
na
na
2.5

na
2.5
na
na
na
na
na
na

u
c
H

na
na
125
na
na
na
na
na
na
na
na
na

na
273
na
107

na
na
na

1,800

na
158.5
na
na
na
na
na
na

1-6 inches

A
rs

en
ic

24
10
9
8.7
7.8
10
9.2
10
30
13
102
316

253
7
8.2
7

7.3
9.6
9.8
27

7.2
7
7
7.1
6.1
6.8
9.3
I I

B
ar

iu
m

na
na
188
na
na
na
na
na
na
na
na
na

na
242
na
305

na
na
na
215

na
410
na
na
na
na
na
na

C
ad

m
iu

m

na
na
1
na
na
na
na
na
na
na
na
na
na
0.25
na
0.25
na
na
na
16

na
1
na
na
na
na
na
na

C
hr

om
iu

i

na
na
21
na
na
na
na
na
na
na
na
na
na
22
na
30
na
na
na
20

na
22
na
na
na
na
na
na

L.
<U
0.a.o
U

na
na
25
na
na
na
na
na
na
na
na
na
na
21.5
na
22

na
na
na
67

na
32
na
na
na
na
na
na

•a
«
J

418
106
92
65
43
50
49
31
391
100
2,543
6,265
4,995
33.5
20
34

36
58
52
555
29
37.5
18
18
24
27
25
66

M
er

cu
ry

na
na
0.05
na
na
na
na
na
na
na
na
na
na
0.05
na
0.05
na
na
na
3

na
0.05
na
na
na
na
na
na

Se
le

ni
um

na
na
2.5
na
na
na
na
na
na

na
na
na
na
2.5
na
2.5
na
na
na
2.5

na
2.5
na
na
na
na
na
na

L.
U
>ra
!/!

na
na
2.5
na
na
na
na
na
na
na
na
na
na
2.5
na
2.5
na
na
na
2.5

na
2.5
na
na
na
na
na
na

o

3
na
na
165
na

na
na
na
na
na
na
na
na
na
83.5
na
79

na
na
na
933

na
118
na
na
na
na
na
na

Source

" ^

<L) C tt
5. o o$ s g-
U o
S °

Location
Description

Study Area
Boundary

Station ID

SAB-1
SAB-2
SAB-3
SAB-4
SAB-5

SAB-6*
SAB-7
SAB-8

0-2 inches

A
rs

en
ic

12
14
1 1
12
12

167
30
23

•oa
J

98
135
75
144
53

3,625
165
63

na = nor analyzed

All un i t s are in ing/kg.

Non-detects "U" are evaluated at 1/2 Ihe reported detection l i m i t .

Concentrations presented are the a r i thmet ic mean for each locat ion.

* This sample respresems ta i l ings and was excluded from the off- impoundment soils dataset.

Table 3-2 lo 3-J Soils Data.xlsOIT-Impnd Soils
2/14/2002
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Table 3-4
Summary of Analytical Results for Background Soils

Screening Ecological Risk Assessment for Richardson Flat Tailings

J

Source

o
8-

o
o
(N

c

U
2
oi

Station ID

RF-BG-BG1

RF-BG-BG2

RF-BG-BG3

RF-BG-BG4

RF-BG-BG5

RF-BG-BG6

RF-BG-BG7

RF-BG-BG8

RF-BG-BG9

RF-BG-BG10

RF-BG-BG11*

11

8.1

9.2

7.0

6.9

14

6.7

7.0

282

na

na

na

265

220

na

na

na

na

na

na

0.25

na

na

na

na

na

20

na

22.5

na

na

na

na

na

na

29

15.5

na

47

26

22

25

43

30

25

84

98

30.5

7,731

na

na

na

na

0.2

0.1

na

na

na

na

na

na

2.5

na

2.5

na

na = not analyzed
All units are in mg/kg.
Non-detects "U" are evaluated at 1/2 the reported detection limit.
All samples were collected at a depth of 0-2 inches.
For BG10, concentrations presented are the arithmetic mean of the field and duplicate samples.
* This sample was collected near tailings and was excluded as a background soil.

na

na

na

na

2.5

2.5

na

na

na

127

93

na

Table 3-2 to 3-4 Soils Dala.xls: Background
2 14-2002
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Table 3-5
Summary of Analytical Results for Surface Water Collected by E&E (1993)

Screening Ecological Risk Assessment for Richardson Flat Tailings

Station ID Location Description

RF-SW-OI 20.3

RF-SW-02

RF-SW-03

Silver Creek upstream
of south diversion ditch

70.1

19.3

RF-SW-04 65.5

36.7

24.3

38.7

4.2

5.2

7.3

7.6

49.2

54.6

50.5

54.4

3.4

2.1

2.1

3.9

1.65

1.65

3.5

233

157

128

149

3.9

3.9

3.9

3.9 10.4

10

10

10

10

193

158

307

356

35.3

18.8

15

36.4

39

37

31

34

249

495

458

438

0.1

5.55

25.4

5.55

5.55

3.5

1.6

2.0

7.5

7.5

7.5

7.5

1.2

1.2

1.2

1.2

64

25

21

26

0.8

0.8

17.85

17.85

17.85

17.85

2,080

769

776

RF-SW-05

RF-SW-06

Silver Creek
downstream of south

diversion ditch

8.55 12.15 7.2 65.6 2.4 1.65 163 3.9 10 279 151 37 269 5.55 1.3 7.5 1.2 26 0.8 17.85

185 30.1 12.5 66 0.93 1.65 146 3.9 10 446 33.2 38 399 5.55 1.4 7.5 10 28 0.8 17.85

466

321

RF-SW-07 36.7 12.15 5.7 32.7 3.2 1.65 341 3.9 10 703 33.3 61
South Diversion Ditch

9,230 0.24 12.8 3.2 7.5 51 0.8

RF-SW-08 319 12.15 11.4 54.3 1.65 190 3.9 20 146 38 1,590 20.9 1.2 7.5 30

17.85

17.85

64.2

745

All un i t s are in ug/L unless specified.
Concentrations presented are the arithmetic mean at each station.
Assumed to represent total recoverable concentrations.
Non-detects "U" are evaluated at 1/2 the reported detection l imi t .

Table 3-5 to 3-8 SW Data.xls: E&E
2/14/2002
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Table 3-6
Summary of Analytical Results for Surface Water Collected by USEPA (2001) for the Silver Creek Watershed

Screening Ecological Risk Assessment for Richardson Flat Tailings

INORGANICS

General Location

Silver Creek -
upstream

South Diversion
Ditch

Silver Creek -
downstream

Silver C'reek -
upstream

South Diversion
Ditch

Silver C'reek -
downstream

Station ID

USC-7

USC-6

USC-5

USC-3

USf-4

use-?

USC-I

USC-7

USC-6

USC-5

USC-3

USC-4

USC-2

USC-1

Location Description

Silver Creek above Silver Maple Claims

Silver C'reek below Silver Maple Claims

Silver C'reek above Richardson Flals; at old north
road to site

Silver Creek at Richardson Flats; upstream of RR
iressel

Richardson Flals diversion di tch 50'

Silver Creek below Richardson Flat: at U248
culvert
Silver Creek below Richardson Flat; at U248 rail
tressel

Sliver C'reek above Silver Maple Claims

Silver Creek below Silver Maple Claims

Silver Creek above Richardson Flats; at old north
road to site

Silver Creek at Richardson Flats; upstream of RR
tressel

Richardson Flats diversion ditch 50'

Silver Creek below Richardson Flat: at U24S
culvert
Silver Creek below Richardson Flat: at 1)248 rail
tressel

A;;r /^^^^^^^/^^^^^^^

ss
o

lv
ed

Q

T
ot

al
 

R
ec

o
v

er
ab

l

25

25

25

73

25

25

25

5.672

1.369

6,145

40

25

5,146

4.341

3.3

I I

7.0

6.3

2.5

5.5

7.0

25

196

68

7.3

2.5

62

57

3.1

5.9

3.8

6.3

2.5

4.8

4.5

32

406

150

6.7

3.7

1 1 3

137

2.6

2.0

1.8

1.5

1.8

1.5

1.8

12

49

24

2.8

1.8

25

17

na

na

na

na

na

na

na

106

149

135

125

298

142

146

4.4

5.0

5.0

5.0

15

5.0

5.0

18

8

16

5.0

5.0

17

13

5.8

2.5

4.8

2.5

2.5

2.5

2.5

169

616

489

4.0

3.7

256

279

92

50

85

50

50

190

50

9,986

44,818

29,588

240

50

21.565

26,638

2.3

2.5

2.5

2.5

2.5

7.3

2.5

669

9,250

4.257

31

5

2,955

3,439

na

na

na

na

na

na

na

23

26

31

35

62

38

38

315

465

410

197

2.393

210

393

336

465

440

207

2,273

200

403

0.004

0.003

na

na

0.001

na

0.002

0.28

0.46

0.45

na

0.00

0.22

0.18

na

na

na

na

na

na

na

3.0

3.7

1.8

1.0

1.8

1.8

1.8

2.5

2.5

2.5

2.5

2.5

2.5

2.5

10

11

6.5

2.5

2.5

5.0

5.9

2.1

2.5

2.5

2.5

2.5

2.5

2.5

12

38

18

2.5

2.5

21

17

na

na

na

na

na

na

na

139

142

96

51

48

49

56

765

788

1.475

710

55

520

710

2,140

10.615

5,474

787

82

4,933

4.159

na = not analyzed
Coiicenlraiions presented are the arithmetic mean at each station.
All un i t s ate in uyL, unless otherwise noted.
Non-detecls "U" are evaluated at 1 '2 the reported detection l imi t .



DRAFT

Table 3-7
Summary of Analytical Results for Surface Water Collected by UPCM

Screening Ecological Risk Assessment for Richardson Flat Tailings

Station ID

N4

N5

N6

Location Description

Silver Creek upstream of
diversion ditch

Diversion Ditch

Silver Creek downstream
of diversion ditch

Analysis Type

Dissolved

Total

Water Quality

Dissolved

Total

Water Quality

Dissolved

Total

Water Quality

Parameter

Lead

Zinc

Copper

Cyanide

Lead

Manganese

Mercury

Zinc

TDS (mg/L)

TSS (mg/L)

Lead

Zinc

Copper

Cyanide

Lead

Manganese

Mercury

Zinc

TDS (mg/L)

TSS (mg/L)

Lead

Zinc

Copper

Cyanide

Lead

Manganese

Mercury

Zinc

TDS (mg/L)

TSS (mg/L)

Mean
Cone

20

560

126

4.2

744

284

64

1059

631

4

8.5

760

6.2

4.5

43

3,004

2.2

394

1,404

2

25

370

6.0

2.4

107

301

51

759

742

4

Cone Range
(Min-Max)

na

na

4 -390

2 -54

5 - 26,000

27 - 1,300

0.1 -2,000

280 - 2,800

260 - 1,053

na

na

na

4 - 13

2 -34

5 - 100

45 -61,000

0.1 -2.5

36 - 1,200

566 -2,016

na

na

na

4 - 11

2 -7

5 - 1,000

57 -930

0.1 -2,100

330 - 1,600

629 -915

na

Sampling Date Range*

06-May-87

06-May-87

27-Jun-96 to 25-Sep-98

29-Apr-82 to 09-Sep-87

29-Apr-82 to 25-Sep-98

29-Apr-82 to 25-Sep-98

29-Apr-82 to 25-Sep-98

06-May-87 to 25-Sep-98

29-Apr-82 to 09-Sep-87

06-May-87

06-May-87

06-May-87

27-Jun-96 to 25-Sep-98

29-Apr-82 to 09-Sep-87

29-Apr-82 to 25-Sep-98

29-Apr-82 to 25-Sep-98

29-Apr-82 to 25-Sep-98

06-May-87 to 25-Sep-98

29-Apr-82 to 09-Sep-87

06-May-87

06-May-87

06-May-87

27-Jun-96 to 25-Sep-98

29-Apr-82 to 09-Sep-87

29-Apr-82 to 25-Sep-98

29-Apr-82 to 25-Sep-98

29-Apr-82 to 25-Sep-98

06-May-87 to 25-Sep-98

03-Sep-86 to 09-Sep-87

06-May-87

*Although UPCM has conducted sampling since 1975, pre-1982 data were notavailable for review at the time ofthe SERA.
All units are in ug/L. unless otherwise noted.
na = not applicable (only one date sampled)
Non-detects "U" are evaluated at 1/2 the reported detection limit.

Table 3-5 lo 3-8 SW Data.xls: UPCM
2.'14''2002



Table 3-8
Summary of Analytical Results for Surface Water Collected by RMC

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

INORGANICS

General Location Station ID

Silver Creek - upslream
RF-7

RF-7-2

Silver Creek -
downstream

RF-8

RF-8-2

RF-2

RF-4

South Diversion Ditch
RF-5

RF-5-4

RF-6

RF-6-2

Ponded Water RF-9

RF-10

Unnamed Drainages -
Background

RF-I

RF-3

RF-3-2

25

51
33

108

35

31

47

33

298

46

8.0

6.2

6.6

6.3

2.5

3.1

2.5

2.5

6.7

7.4

6.1

6.0

7.1

4.5

4.3

4.8

6.5
3.9

10.0

6.3

7.2

74

93

88

ISO

170

94

79

81

210

130

250

150

160

2.0
1.4

2.0

0.5

0.5

0.5

0.5

0.9

0.6

0.5

0.5

0.5

0.3

145
324

157

7.5

6.6

7.3

7.5

6.1

6.0

5.0

7.7

6.8

7.5

5.0

4.2

5.0

4.1

5.0

7.8

5.4

5.2

9.8

5.0

4.6

5.0

5.0

7.8

5.0

9.5

50

58

135

125

44

41

50

38

65

240

50

2.5

3.5
3.6

2.5

3.1
2.9

2.5

2.5

2.5

2.9

2.5

9.0

3.6

2.5

3.3

40

70

43

400

442
986

20

216

242

345

2816

4"*22

19

0.25

0.13
0.09

0.25

0.20

0.13

0.12

0.16

0.25

0.06

0.25

0.25

0.14

0.25

0.14

2.5

2.3
2.4

2.5

2.3

2.0

2.6

2.1

2.5

2.5

2.0

4.4

3.8
3.9

5.0

3.8

3.3

3.5

4.4

3.4

5.0

5.0

3.8

5.0

2.5

28,403

922

585

850

49

794

325

1,550

249

57
29

36

24

42

Silver Creek - upstream
RF-7 25 11.0 78 3.2 122 7.5 8.0 15,195 56.0 35 390 0.25 2.3 4.4

RF-7-2 65 9.5 7.4 99 3.3 131 6.1 5.9 341 29.6 34 378 0.19 2.5 3.2 7.4

Silver Creek -
downstream

RF-S 81 8.4 8.5 93 134 6.3 7.0 531 40.2 36 977 0.16 2.6 2.4 4.1

10.0 170 3.0 102 5.0 28.0 0.25 2.0 5.0

RF-2 370 4.3 6.9 180 0.5 56 7.5 8.5 370 4.2 13 0.22 2.7 2.3 3.8

RF-4 106 2.5 4.6 76 0.9 145 5.0 6.5 87 32 232 0.21 1.5 3.3

South Diversion Ditch
RF-5 73 3.6 4.1 82 0.5 221 5.5 6.2 159 51 272 0.18 1.6 2.0 5.8

RF-5-4

RF-6

R
ec 261 4.3 5.3 1.5 133 5.0 10.3 305 29 345 0.17 2.0

71

58

55

76

31

27

33

37

6.2 88 250 11.6 5.0 281 16.0 59 3222 0.23 2.0 3.0 4.4 44

RF-6-2 83 3.3 71.5 220 0.6 277 6.4 5.9 174 4.1 61 4049 0.09 2.7 3.4 3.7 46

Ponded Water RF-9 140 0.5 82 2.5 20 0.25 6.2 2.5 5.0 177

RF-10 21.0 260 0.5 60 10.0 5.0 23.0 17 0.25 2.0 2.5 5.0 47

Unnamed Drainages -
Background

RF-I 939 2.5 6.3 160 0.5 37 7.5 7.5 625 3.1 10 0.14 1.7 2.3 3.8 16

RF-3 170 56 10.0 5.0 2.5 14 0.25 2.0 2.5 5.0 32

RF-3-2 483 4.8 8.7 0.3 29 3.3 10.2 300 4.8 23 0.15 2.6 2.0 2.5 53

32,807

1 ,011

740

850

54

862

403

1,630

333

131

69

38

17

53

na - not analyzed
Concentrations presented are the arithmetic mean at each station.
All un i t s are in ujt-'L. unless otherwise noted.
Nun-delects "U" are evaluated at 1 '2 the reported detection l imi t .

Table 3-5 u> 3-K SW Dala.xls: KMC Tot Dlss
2/1-4'2(10.!
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Table 3-9
Summary of Analytical Results for Sediments

Screening Ecological Risk Assessment for Richardson Flat Tailings

Source Station ID Station Location

RF-SE-01 N/A

RF-SE-02
Soulli Diversion Ditch Wetlands

N/A

RF-SE-03 N/A

RF-SE-04 N/A

28,550

4,530

1 .800

85.4

99

40.1

165

189

189

92.1

157

562

2.25

1.2

2.3

84.35

52.8

64.9

40.3

45,300

56.300

51,000

96.000

60.05

15.8

14.9

25

5.8

19.3

10.4

648

183

313

190

37,100

31,100

91,900

64.400

6,365

3,010

5,220

2.350

14,100

13,800

11.900

4,080

2,200

2,330

42,000

7.05

2.7

2.4

1.3

50.65

37.75

4,760

886

1120

2710

12.2

43.1

34.75

10.7

513.5

206

634

1150

7.45

7.8

6.6

68

9.5

17.8

28.4

13.950

1,200

5.400

USC-1
Silver Creek below Richardson
Flat; at U248 rail tressel

0-12 inches 11,250 122 332 29 602 65,540 5,960 0.44 28

surface 9,969 140 341 50 766 66,340 1,130 49

6,796

1.730

W
at

er
sh

ed
 S

am
U

SE
PA

, 2
00

1)

Silver Creek below Richardson
Flat: at U248 culvert

0-12 inches 1,590 137 271 32 588 55,160 6.942 0.25 40

surface 8,943 97 177 37 26 430 30,900 4,861 0.18 35

11,950

6,780

USC-5
Silver Creek above Richardson
Flats: at old north road to site

0-12 inches 15,220 76 203 563 47,710 5,794 0.41

surface 9,308 175 393 65 1380 69,730 0.49 48

6.624

12,270

USC-6
Silver Creek below Silver Maple
Claims

0-12 inches 889 179 2559 110,700 42,990 1.6 26 136

surface 4,930 232 669 104 1115 156,800 12,440 32

44,560

15,880

USC-7
Silver Creek above Silver Maple
Claims

0- 1 2 inches 14,720 64 105 28 450 27,170 2,656 0.83 20

surface 39 54.5 20.5 349.8 20,560 981 0.25 24.75 27.165

4,619

3,281

RF-SD-SD1 (1-6 inches 4,850 72 156 73 280 39,900 3,490 22.5 25

RF-SD-SD2 0-6 inches 6.450 53 119 50 200 32,600

RF-SD-SD3 South Diversion Ditch 0-6 inches 36 125 35 173 28,600 1,880 0.32 12.05 2.5

RF-SD-SD4 0-6 inches 7,480 260 33,200 2.840 18

RF-SD-SD5 0-6 inches 8,445 95 38 254.5 23,050 2,655 0.975 27.25 3.75 20

RF-SD-SD6 0-6 inches 20.600 101 30 27,000 2,280 1.5 1.325 2.5

12,000

8,780

6.800

9,140

7.510

2.940

N A = not available

nj = not analyzed

All uni ts are in mg. kg.

Non-delecis "U" are evaluated at 1 2 the reponed detection l i m i t .

Concentrations presented are the a r i t hme t i c inedit at each sampling 1
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Table 3-10
Summary of Analytical Results for Groundwater Monitoring Wells

Screening Ecological Risk Assessment for Richardson Flat Tailings

Analysis
Tvpe

D
is

so
lv

ed
T

ot
al

 R
ec

ov
er

ab
le

Station Location

Station ID

Sampling Dates

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Cyanide

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Cyanide

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

Monitoring wells below main embankment

MW-01

4/29/82 to 9/25/98

15-49.6

2.5-40.5

2.5-3.6

64- 104

1.8-5

2.5-3.3

254- 196,000

2.5 - 7.8

6- 10

2.5-20

na

62.6-376

2.2 - 570

56-41.800

10-33.000

0.05-0.2

15-24.9

5,530-5,530

2.5- 15

2.5- 10

42 - 35,700

1.6-50

5-35.7

2.5-250

2690 - 80,700

2.5-24.3

5.2 - 76

99.6- 1,534

3.4-3.4

3.3-42

352- 191,000

7.8-95

7.5-46

4- 1583

2-280

3,180- 126,000

15.6-588

88 - 44,200

17-2,230

0.1 -0.7

1 1 . 1 -88

6,060 - 6,060

2.5- 15

2.4-2.5

44-38.100

1.6-50

35.7 - 262

99.5 - 650

MW-03

4/29/82 to 9/25/98

na

na

na

na

na

na

na

na

na

na

na

na

5 - 6 2

na

720 - 7,700

na

na

na

na

na

na

na

na

17- 170

na

na

na

na

na

na

na

na

na

4- 12

0.4-25

na

17- 120

na

370-6,600

0.1 -2.5

na

na

na

na

na

na

na

na

MW-04

6/1/82 to 9/25/98

na

na

na

na

na

na

na

na

na

na

na

na

5- 110

na

2,000- 11,000

na

na

na

na

na

na

na

na

L 30 - 470

na

na

na

na

na

na

na

na

na

4- 15

4 - 99.000

na

17-400

na

230- 12,000

0.1 -2.5

na

na

na

na

na

na

na

na

MW-05

6/1/82 to 9/25/98

na

na

na

na

na

na

na

na

na

na

na

na

5 - 140

na

700- 15,000

na

na

na

na

na

na

na

na

4- 1,900

na

na

na

na

na

na

na

na

na

4- 15

0 - 3 5 0

na

17-430

na

270- 16,000

0.1 -2.5

na

na

na

na

na

na

na

na

MW-06

4/29/82 to 9/25/98

15-68.5

2.5-35.9

8.8-9

46.2 - 99

3.7-5

2.5 - 3.3

307-365,000

2.5-7.8

6 - 6 7

2 .5 -20

na

2170- 14,800

2.2 - 56

70 - 55,000

490 - 9,990

0.05 - 0.2

15-28.9

3010-3010

2.5- 15

2.5- 10

52 - 49700

1.6-50

5-35.7

4 - 2 1 0

1,630-4,920

28.4-63

11.3-349

58.3 - 2665

4.9-5

3.3- 16

314-318.000

7.8-42

9-80

4- 190

2-4.600

3.190-26,300

8.5- 1,080

72 - 52,500

130- 10.400

0.1 -2.5

25.6-30

3,290 - 3,290

2.5- 15

3.3- 17

54-486

1.6-50

17-35.7

92.5-2,790

Lpgrudicnt
monitoring well

RT-1

9/1/85 to 8/1/92

15- 191

2.5-33.2

2.5-3.6

76-93.9

0.9-5

2.5-3.3

47-43,500

2.5-7.8

2 .5-6

2.5- 171

na

5- 151

15-40.9

8.8-908

11 - 19.5

0.05-0.2

1 1 . 1 - 15

1360- 1,360

2 . 5 - 3

2.5- 10

16- 16.800

1.6-50 .

5-35.7

6-20 .1

1,040- 15,700

2.5-24.36

2.5-3.7

83 -196

1 .3-5

2.5-3.3

45-42.200

2.5- 10.5

2.5 - 1 1

2.5-30

5 - 5

955- 14.100

15-627

909- 12.200

20- 162

0.05-0.2

13- 15

1,390- 1,390

2 . 5 - 3

2.4-2.5

16- 16.100

1.6-50

5 - 35.7

2.5- 136
;. na = not available

. jX Range presented is the minimum to the maximum.
Non-detects are evaluated at 1/2 the detection l imit .
All units are in ug/L.

Table 3-10 GW Data.xls: GW Cone Ranges
2/14/2002



Summary of Analytical Parameters Across Media Types and Sampling Programs

Screening Ecological Risk Assessment for Richardson Flat Tailings

Analytes

Aluminum
Antimony

Arsenic
Barium

Beryllium
Boron

Cadmium
Calcium

Chromium
Cobalt
Copper
Cyanide

Iron
Lead

Magnesium
Manganese

Mercury
Nickel

Phosphorus
Potassium
Selenium

Silver
Sodium

Thallium
Vanadium

Zinc

Tailings

2
2

2; 4
NONE
NONE
NONE

2; 4
NONE

2
NONE

2; 4
NONE

2
2; 4

NONE
NONE

2; 4
NONE
NONE
NONE

2
2; 4

NONE
NONE
NONE

2; 4

Soil

Background

NONE
NONE

2
2

NONE
NONE

2
NONE

2
NONE

2
NONE
NONE

2
NONE
NONE

2
NONE
NONE
NONE

2
2

NONE
NONE
NONE

2

Off-
Impoundment

NONE
NONE

2
2

NONE
NONE

2
NONE

2
NONE

2
NONE
NONE

2
NONE
NONE

2
NONE
NONE
NONE

2
2

NONE
NONE
NONE

2

On-
Impoundment

2; 3
2; 3
2; 3
2; 3

3
NONE

2; 3
3

2; 3
3

2; 3
NONE

2; 3
2; 3

3
3

2; 3
3

NONE
3

2; 3
2; 3

3
3
3

2; 3

Sediment

1;2;3
1;2;3
1;2;3

3
3

NONE
1;2;3

3
1;2;3

3
1;2;3

NONE
1;2;3
1;2;3

3
3

1;2;3
3

NONE
3

1;2;3
1;2;3

3
3
3

1;2;3

Groundwater

Dissolved

2; 3; 7
2; 3; 7
2; 3; 7

3; 7
3; 7

NONE
2; 3; 7

3; 7
2; 3; 7

3; 7
2; 3; 7
NONE
2; 3; 7
2; 3; 7

3; 7
2; 3; 7
2; 3; 7

3; 7
NONE

3; 7
2; 3; 7
2; 3; 7
2; 3; 7

3; 7
3; 7

2; 3; 7

Total

2; 3; 7
2; 3; 7
2; 3; 7

3; 7
3; 7

NONE
2; 3; 7
2; 3; 7
2; 3; 7
3; 7;

2; 3; 7
7

2; 3; 7
2; 3; 7
2; 3; 7
2; 3; 7
2; 3; 7

3; 7
2

2; 3; 7
2; 3; 7
2; 3; 7
2; 3; 7.

3; 7
3; 7

2; 3; 7

Surface Water

Dissolved

1;2;5;6
1;2;6

1;2;5;6;7
5; 6; 7
NONE

5
U 2 ; 5 ; 6 ; 7

5; 6
1;2;5;6;7

NONE
1;2;5;6;7

NONE
1;2;5;6

1;2;5;6;7
5; 6

1;2;5;6
1;2;5;6;7

NONE
5
5

1;2;5;6;7
1;2;5;6;7

5
NONE
NONE

1;2;5;6;7

Total

1;3;2;5;6
1;3;2;6

1; 2; 3; 5; 6; 7
3; 5; 7

3
NONE

1; 2; 3; 5; 6; 7
1;2;3;6

1; 2; 3; 5; 6; 7
3

1; 2; 3; 5; 6; 7
5; 6

1;2;3;5;6
1; 2; 3; 5; 6; 7

1;2;3;6
1;2;3;5;6

1; 2; 3; 5; 6; 7
3

2; 5
1;2 ;3 ;6

1; 2; 3; 5; 6; 7
1; 2; 3; 5; 6; 7

1;2;3;6
3
3

1;3;5;6;7
Key to Sources
1 =USEPA (200la) Watershed Study
2 = RMC (200 Ic) Monthly Monitoring Data
3 = E&E(1993)
4 = USEPA(1991)
5 = STORET
6 = UPCM
7 = RMC (2000a)

Table 3-1 I Ana ly t e Summary by Media.xlsSheel2
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Table 4-1
Summary of Soil Cover Thickness for On-Impoundment Soils

Screening Ecological Risk Assessment for Richardson Flat Tailings

Sample ID
RF-ON-1A
RF-ON-1B
RF-ON-1C
RF-ON-1D
RF-ON-1E
KF-ON-1G
RF-ON-2A
RF-ON-2B
RF-ON-2C
RF-ON-2D
RF-ON-2E
RF-ON-2F
RF-ON-2G
RF-ON-3A
RF-ON-3B
RF-ON-3C
RF-ON-3D
RF-ON-3E
RF-ON-3F
RF-ON-3G
RF-ON-3H
RF-ON-3I
RP-ON-4A
RF-ON-4B
RF-ON-4C
RF-ON-4D
RF-ON-4E
RF-ON-4F
RF-ON-4G
RF-ON-4H
RF-ON-4I
RF-ON-5A
RF-ON-5B
RF-ON-5C
RF-ON-5D
RF-ON-5E
RF-ON-5F
RF-ON-5G
RF-ON-5H
RF-ON-6D

Soil Cover Thickness
No Tailings
No Tailings
15 inches (mixed tailings below)
15.6 inches
7.2 inches
14.4 inches
No Tailings
No Tailings
1 8 inches
18 inches
1 5 inches
48 inches
No Tailings f cover soil to 11 feet]
No Tailings
12 inches
10.8 inches
19.2 inches
24 inches
13.2 niches
30 inches
6 inches
No Tailings [cover soil to 18 inches]
3 niches
7.9 inches
9.6 inches
9.6 inches
12 inches
8. 4 inches
7.2 inches
6 inches
No Tailings [cover soil to 18 inches]
No Tailings
15 inches
No Tailings
12 inches
No Tailings
7.2 inches
No Tailings
No Tailings
No Tailings

Soil cover samples collected in May 2001.

Table 4-1 On-SiteSoilCover.xls: Site Cover Thickness
2/14/2002



Table 4-2
Screening Benchmarks for Aquatic Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings

DRAFT

J

Chemical

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Cyanide

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

achronic h chronic

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

0.7409 -4.719

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

0.8545 -1.702

Not Hardness Dependant

Not Hardness Dependant

1.273 -4.705

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

0.8460 0.0584

Not Hardness Dependent

Not Hardness Dependent

1.72 -6.52

Not Hardness Dependent

Not Hardness Dependent

Not Hardness Dependent

0.8473 0.8840

AWQC Total
CCC (ug/L)

Chronic

87

NA

150

NA

NA

NA

0.5

NA

11.0

NA

17.7

5.2

1,000

5.4

NA

NA

0.77

97.7

NA

5.0

0.6

' NA

NA

NA

225.6

mchronic

1.0

1.0

1.102

0.860

0.960

1.0

1.0

1.462

0.850

0.997

0.922

0.850

0.986

n chronic

0

0

0.0418

0

0

0

0

0.1457

0

0

0

0

0

AWQC
Dissolved CCC

(ug/L)

Chronic

87

NA

150

NA

NA

NA

0.4

NA

9

NA

17

5

1000

4

NA

NA

1

97

NA

5

0.5

NA

NA

NA

222

AWQC Upper
Hardness Limits

(mg/L as CaCO3)

Chronic

-

-

-

-

-

-

209

-

-

-

211

-

-

151

-

-

-

210

-

-

-

-

-

-

2 1 1

Sediment
Benchmark

(rag/kg)

13,500 a

2 c

9.79 b

NA

NA

NA

0.99 b

NA

43.4 b

NA

31.6 b

NA

NA

38.5 b

NA

631 a

0.18 d

22.7 b

NA

NA

0.73 d

NA

NA

NA

121 b

NA = not available

SURFACE WATER AWQC NOTES:

AWQC Source: EPA 822-Z-99-OOI

Cadmium AWQC Source: EPA-822-R-01-OOI

Total Selenium CMC Source: EPA-820-B-96-001

For AWQC values that are hardness dependent:

AWQC Total,h[l,mc = exp[athrilllli;*]n(Hardness)+bi:11Ilinii:]
AWQC Dissolvedcfc,^ = AWQC Total * [m-n*(ln(Hardness>]

Chromium VI AWQC Dissolved used because the screening value is lower than Chromium III .

Seleruum AWQC dissolved based on total metals.

Silver AWQC chronic value not available: acute values adjusted by a factor of 100 were used for chronic in the screen.

For table presentation, hardness-dependent values are calculated using an average RPT Site hardness of 466 mg/L.

If measured station hardness is outside of the specified upper hardness l imits, the applicable upper hardness l imi t wi l l be used to calculate the AWQC.

SEDIMENT BENCHMARK SOURCES:

a Ingersolletal.. I99& c Long & Morgan, 1991

b MacDonald et al., 2000 d MacDonald et al., 19%

Scrolling Buid
2/15/20(12
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Table 4-3
Screening Benchmarks for Terrestrial Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings

DRAFT

Chemical

Aluminum
Antimony

Arsenic
Barium

Beryllium
Boron

Cadmium
Calcium

Chromium

Cobalt

Copper
Cyanide

Iron
Lead

Lithium
Magnesium
Manganese

Mercury
Molybdenum

Nickel
Potassium

Selenium
Silver

Sodium
Strontium
Thallium
Vanadium

Zinc

Wildlife Water
Ingestion

Benchmark
(ug/L)1

4,474
290
292

23,100
2,830

120.000

4,132
NA

4,300

7,670

65,200
276,600

NA
4,860

40,300
NA

377,000
28

600
171,360

NA

5
NA
NA

1,127,000
32

835
62,300

Species

Whitetail deer
Whitetail deer
Whitetail deer
Whitetail deer
Whitetail deer
Whitetail deer

Whitetail deer

Rough-winged swallow

White-footed mouse3

Whitetail deer
Whitetail deer

Rough-winged swallow
Whitetail deer

Whitetail deer
Rough-winged swallow

Whitetail deer
Whitetail deer

Other Data4

Whitetail deer
Whitetail deer
Whitetail deer

Rough-winged swallow

Wildlife Food
Ingestion

Benchmark

(mg/kg dw)2

3.825
0.248
0.25
17.2
2.42
24

1.2
NA
0.83

NA

38.9
236
NA
0.94
35

NA
322

0.005
0.52

64.08
NA

0.331
NA
NA
963

0.027
0.714

12

Species

Short-tailed shrew
Short-tailed shrew
Short-tailed shrew

American robin
Short-tailed shrew

American robin

American robin

American robin

American robin
Short-tailed shrew

American robin
Cottontail rabbit

Short-tailed shrew
American robin

Short-tailed shrew
American robin

American robin

Short-tailed shrew
Short-tailed shrew
Short-tailed shrew
American robin

Plant
Benchmark
(mg/kg dw)5

50
5
10

500
10

0.5

3
NA

1

20

60 6

NA
NA
50
2

NA
500
0.3
2
30

NA

1
2

NA
NA

1
2

50

Soil
Invertebrate
Benchmark

(mg/kg dw)7

600
NA
60

3000
NA
20

20
NA
0.4

1000

50
NA
200
500
10

NA
100
0.1
200
90
NA

70
50
NA
NA
NA
20
100

Lowest Soil
Screening

Benchmark
(mg/kg dw)

3.825
0.248
0.25
17.2
2.42
0.5

1.2
NA
0.4

20

38.9
236
200
0.94

2
NA
100

0.005
0.52
30

NA

0.331
2

NA
963

0.027
0.714

12

NA = not available
dw = dry weight

'Lowest reported screening benchmark from Sample et al., 1996. Rjver otter excluded.

"Screening benchmark from Sample et al., 1996. Food value used to represent values for ingestion of sediment (see text).

Screening benchmark not reported in Sample et al. (1996). Cobalt value derived using same methodology and a NOAEL of 2.3 mg/kg/day (Pedigo
etal., 1988).

"Selenium benchmark derived from Skorupa (1998).

'Unless noted, screening benchmarks from Efroymson (1997a). Lower of the soil NOEC and LOEC.

Screening values from Kabata-Pendias & Pendias (1992).

'Screening benchmarks from Efroymson (I997b). Lower of earthworm and microbial processes benchmarks used.

Screening Benchmarks.xls: Terrestrial Benchmarks
2.'15'2002



Table 4-4
Selection of Surface Water COPCs for Aquatic Receptors

J
DRAFT

Screening Ecological Risk Assessment for the Richardson Flats Tailings Site
D

is
so

lv
ed

 M
et

al
s

T
ot

al
 M

et
al

s

Analyte

Aluminum
Antimony

Arsenic
Barium
Boron

Cadmium
Calcium

Chromium
Copper

Iron
Lead

Magnesium
Manganese

Mercury
Potassium
Selenium

Silver
Sodium

Zinc
Aluminum
Antimony

Arsenic
Barium

Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper
Cyanide

Iron
Lead

Magnesium
Manganese

Mercury
Nickel

Potassium
Selenium

Silver
Sodium

Thallium
Vanadium

Zinc

Number of
Detections

14
35
44
83
1

59
155
11
12
49
24
155
137
41
131
31
0

133
153
39
46
52
43
6
55
98
11
1

44
11
81
190
94
225
49

1
52
6
6

98
0
0

164

Number of
Samples

106

68
160
84
1

157
155
160
154
141
163
155
138
143
133
160
160
133
155
77
74
117
43
6

114
93
I I S
6

130
85
99

247
94
225
217
6
93
118
118
93

6
6

164

Detection
Frequency

(DF)

13%

51%
28%
99%
100%
38%
100%
7%
8%
35%
15%
100%
99%
29%
98%
19%
0%

100%
99%

51%
62%
44%
100%
100%
48%
100%
9%
17%
34%
13%
82%
77%
100%
100%
23%
17%
53%
5%
5%

100%
0%
0%

100%

Mean Non-
Detected

Cone
(ug/L)

24.1

2.5
4.1

50.0
NA
0.9
NA
5.2
4.9

38.6
2.3
NA
2.5
0.1

500.0
2.1
2.7
NA
17.5

27.3
2.8
4.9
NA
NA
I.I
NA
6.6
3.0
4.4
2.2

47.5
3.6
NA
NA
0.6
5.6

1,527.2
2.6

3.8
NA
0.8
179
NA

Maximum
Non-Detected

Cone
(ug/L)

50.0
2.5
10.0
50.0
NA
2.5
NA
10.0
10.0
100.0
2.5
NA
2.5
0.3

500.0
3.5
50
NA
25.0
50.0
12.2
10.0
NA
NA
2.5
NA
50.0
3.0
10.0
5.0

50.0
1 0.0
NA
NA
2.5
5.6

2,500 0
7.5

50.0
NA
0.8
17.9

NA

Mean
Detected

Cone
<ug/L)

95.6
7.5
6.7

76.6
60.0
3.1

133650.3
10.3
14.3

1 1 1.0
10.1

32555.1
776.5
0.0

2773.6
1.4

ND
58267.7
1140.6

186
11
22
89
2
3

165,260
T

10
27
11

717
284

39,476
792
103
25

2,925
7

12
53,952

ND
ND

1,268

Maximum
Detected

Cone (ug/L)

190

15
12

210
60
12

324000
36
20

620
41

70000
9200
0.22
6000

3.1
ND

494000
83000
1,400
39
750
220
3
10

404,000
6
10

390
54

30,000
26.000
90.000
8,900
2,100

25
6,200

17
25

177,000
ND
ND

96,000

Aquat ic
Benchmark

(ug/L)

87
NA

150.0
NA
NA
0.4
NA
9.5
17.0
1000
3.9
NA
NA
0.7
NA
4.6
0.5
NA
222
87.0
NA
150
NA
NA
0.5
NA
1 1 . 0
NA
17.7
S.I

1,000
5.4
NA
NA
0.8
98

NA
5.0
0.6
NA
NA
NA

225.6

Is Chemical Bio-
accumulative? |a]

NO

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

YES
NO
NO
NO
NO
NO
NO
NO
NO

I s D F >
5%?

YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
NO
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
NO
NO

YES

Is Max Non-
Detccl >

Benchmark
Cone?

DF>5%
DF>5%
DF-5%

DF>5%
DF>5%
DF>5%
DF-5%
DF^5%
DF>5%
DF:-5°.
DF>5%
DF>5%

L DF>5%
DF>5%
DF>5%
DF>5%

YES
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF">5%
DF--5",.
DF>5%
DF>5%
DF--5%

NO
NO

DF>5%

Is Chemical
an Essential

Nutrient?

NO
NO
NO
NO
NO
NO
YES
NO
NO
YES
NO
YES
NO
NO
YES
NO
NO
YES
NO
NO
NO
NO
NO

NO
NO
YES
NO
NO
NO
NO
YES
NO
YES
NO
NO
NO
YES
NO
NO
YES
NO
NO
NO

Is Mai Detect >
Benchmark

Cone?

YES

no bnchmark
NO

no bnchmark
no bnchmark

YES
no bnchmark

YES
YES
NO

YES
DO bnchmark
no bnchmark

NO
DO bnchmark

NO
YES

DO bDchmark
YES
YES

no bnchmark
YES

no bnchmark
no bnchmark

YES
DO bnchmark

NO
no bnchmark

YES
YES
YES
YES

DO bachmark
no bnchmark

YES
NO

DO bnchmark
YES
YES

no bnchmark
no bnchmark
no bDchmark

YES

COPC?

YES

YES
NO

YES
YES
YES
NO

YES
YES
NO

YES
NO

YES
YES
NO
NO
NO
NO

YES
YES
YES
YES
YES
YES
YES
NO
NO
YES
YES
YES
NO

YES
NO

YES
YES
NO
NO
YES
YES
NO
NO
NO
YES

HI
[41
HI
HI

[3]

131

[31
HI
I ' l
[31

HI
[2]
[3|

HI

HI
HI

131

HI
HI

[3]

[31
HI
in
HI
|31

[3]
[2i
[21

fa] A chemical is identified as bioaccumulat ive based on the Great Lakes Water Quali ty I n i t i a t i v e .

[ I ] Chemical is b ioaccumulai ive .
[2] Deieciion frequency is less than 5 percent
[3] Analyte is an essential nu t r ien t . Essential nutr ients are defined as: calc ium, iron, magnesium, potassium and sodium ( inc lud ing dissolved state).
[A] Maximum delected concentration is less thnn benchmark concentration .
na ~ not avai lable
no bnchmark •= benchmark concentrat ion not ava i lab le

COCScreen_SurfaceWater xls Aquatic SWScreen
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RAFT
Selection of Surface Water COPCs for Terrestrial Receptors

Screening Ecological Risk Assessment for the Richardson Flats Tailings Site

at

«*

"s
e
H

Analyte

A l u m i n u m
Ant imony

Arsenic
Barium

Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper
Cyanide

Iron
Lead

Magnesium
Manganese

Mercury
Nickel

Potassium
Selenium

Silver
Sodium

Thall ium
Vanadium

Zinc

Number of
Detections

39
46
52
43
6
55
98
1 1

1
44
1 1
81
190
94

225
49

1
52
6
6

98
0
0

164

Number of
Samples

77
74
117
43
6

1 1 4
98
1 1 8
6

130
85
99

247
94

225
217

6
98
118
118
98
6
6

164

Detection
Frequency

<DF>

51%
62%
44%
100%
100%
48%
100%
9%
17%
34%
13%
82%
77%
100%
100%
23%
17%
53%

5%
5%

100%
0%
0%

100%

Mean Non-
Detected

Cone
(ug/L)

27.3
2.8
4.9
NA
NA
1 . 1

NA
6.6

3.0
4.4
2.2

47.5
3.6
NA
NA
0.6
5.6

1.527.2
2.6
3.8
NA
0.8
17.9
NA

Maximum
Non-Detected

Cone
(ug/L)

50.0
12.2
10.0
NA
NA
2.5
NA
50.0
3.0
10.0
5.0

50.0
10.0
NA
NA
2.5
5.6

2.500.0
7.5

50.0
NA
0.8
17.9
NA

Mean
Detected

Cone
(ug/L)

186
I I
22
89
2
3

165,260
2

10
27

I I
717
284

39,476
792
103
25

2,925
7
12

53,952
ND
ND

1,268

Maximum
Detected

Cone (ug/L)

1.400
39
750

220
3
10

404,000
6

10
390
54

30,000
26,000
90,000
8.900
2,100

25
6,200

17
25

1 77,000
ND
ND

96,000

Wildlife
Benchmark

(ug/L)

4,474
290
292

23,100
2,830
4,132
NA

4,300
7,670

65.200
276,600

NA
4,860
NA

377,000
28

171,360
NA

5
NA
NA
32
835

62,300

Is Chemical Bio-
accumulative? |a|

NO
NO
NO
NO
NO
NO
NO
NO

NO
NO
NO
NO
NO
NO
NO
YES
NO
NO

NO
NO
NO
NO
NO
NO

I sDF
>5%?

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
NO
NO

YES

Is Max Non-
Detect >

Benchmark
Cone?

DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%

NO
NO

DF>5%

Is Chemical
an Essential

Nutrient?

NO
NO
NO

NO
NO
NO
YES
NO

NO
NO

NO
YES
NO
YES
NO
NO
NO
YES
NO
NO
YES
NO
NO
NO

Is Max Detect >
Benchmark

Cone?

NO

NO
YES
NO
NO
NO

no bnchmark
NO

NO
NO
NO

no bnchmark
YES

no bnchmark
NO
YES
NO

no bnchmark
YES

no bnchmark
no bnchmark

YES
YES
YES

COPC?

NO
NO

YES

NO
NO
NO
NO
NO
NO
NO
NO
NO

YES
NO
NO

YES
NO
NO

YES
YES
NO
NO
NO

YES

[4]
HI

[4]
[4]
[4]
[3]

HI
[4]
[4]
[4]
[31

PI

[4]

M l
[4]
[3]

|4]
[3]
f2]
f 2 ]

Noles:
fa] A chemical is identified as bioaccumulative based on ihe Great Lakes Water Quali ty I n i t i a t i v e .

[1] Chemical is bioaccumulalive.
[2] Detection frequency is less than 5 percent.
[3] Analyle is an essential nutr ient . Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodium (including dissolved state).
[4] M a x i m u m delected concentration is less than benchmark concentration .
na = not available
no bnchmark = benchmark concentration not available

Total COPCs

COCScreen_SurfaceWater.xls: Wildlife_SWScreen
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J
Table 4-6

Selection of Sediment COPCs for Aquatic Receptors
DRAFT

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site

Analytc

Aluminum
Antimony
Arsenic
Barium

Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper

Iron
Lead

Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium

Silver
Sodium

Thallium
Vanadium

Zinc

Number of
Detections

22
22
22
5
5
23
5

23
5

23
23
23
5
5

22
5
5
16
23
5
5
5

23

Number of
Samples

22
22
23
5
5
23
5

23
S
23
23
23
5
5
23
5
5

23
23
5
5
S

23

Detection
Frequency

(DF)

100%
100%
96%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
96%
100%
100%
70%
100%
100%
100%
100%
100%

Mean Non-
Detected Cone

(mg/kg)

NA
NA
33
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.1
NA
NA
7.6
NA
NA
NA
NA
NA

Max Non-
Detected

Cone
(mg/kg)

NA
NA
33
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.1
NA
NA
34
NA
NA
NA
NA
NA

Mean Detected
Cone

(mg/kg)

11,085
130
284
276
1.8
54

58,780
27
14

555
49,573
6,407
12,960
10,938

1.5
45

2,847
15
32
603
8.6
38

10,222

Max Detected
Cone

(mg/kg)

28,800
889

1,735
562
2.3
179

96,000
62
20

2,559
156,800
42,990
14,100
42,000

8.2
97

4,760
43
136

1,150
14
71

44,560

Sediment
Benchmark

(mg/kg)

13,500
2.0
9.8
NA
NA
1.0
NA
43
NA
32
NA
39
NA
631
0.18
23

NA
NA
0.7
NA
NA
NA
121

Is Chemical Bio-
accumulative?

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

YES
NO
NO
NO
NO
NO
NO
NO
NO

l s D F >
5%?

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

Is Max Non-
Detect >

Benchmark
Cone?

DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%

Is Chemical
an Essential

Nutrient?

NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
YES
NO
YES
NO
NO
NO
YES
NO
NO
YES
NO
NO
NO

Is Max Detect
Cone > Sediment

Benchmark?

YES
YES
YES

no bnchmrk
no bnchmrk

YES
no bnchmrk

YES
no bnchmrk

YES
no bnchmrk

YES
no bnchmrk

YES
YES
YES

no bnchmrk
no bnchmrk

YES
no bnchmrk
no bnchmrk
no bnchmrk

YES

COPC?

YES [4|
YES |4]
YES |4|
YES |5]
YES |51
YES (4|
NO [2]

YES |4|
YES |5|
YES |4]
NO [21

YES [4|
NO [2]
YES [41
YES |3[
YES |4|
NO [2]
YES |5|
YES |4|
NO [2]
YES |5|
YES [51
YES |4|

Notes:

[ I ] Detection frequency is less than 5 percent.
[2] Analyte is an essential nutr ient . Essential nutr ients are defined as: calcium, iron, magnesium, potassium and sodium.
[3] Identified as bioaccumulative based on the Great Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria
[4] Analyte concentrations are greater than the benchmark value.
[5] No benchmark value available.

NA = not available
ND = not delected
no bnchmrk = no benchmark

TOTAL COPCs: 18

COCScreen Sediment.xls: ecosed_aquatic
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Table 4-7
Selection of Sediment COPCs for Terrestrial Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site

DRAFT

Analyte

Aluminum
Antimony

Arsenic
Barium

Beryllium
Cadmium
Calcium

Chromium
Cobalt
Copper

Iron
Lead

Magnesium
Manganese

Mercury
Nickel

Potassium
Selenium

Silver
Sodium

Thallium
Vanadium

Zinc

Number of
Detections

22
22
22
5
5
23
5
23
5
23
23
23
5
5
22
5
5
16
23
5
S
5
23

Number of
Samples

22
22
23
5
5
23
5
23
5
23
23
23
5
S
23
5
5
23
23
5
5
5
23

Detection
Frequency

(OF)

100%
100%
96%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
96%
100%
100%
70%
100%
100%
100%
100%
100%

Mean Non-
Detected

Cone
(mg/kg)

NA
NA
33
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.1
NA
NA
7.6
NA
NA
NA
NA
NA

Max Non-
Detected

Cone
(mg/kg)

NA
NA
33
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.1
NA
NA
34
NA
NA
NA
NA
NA

Mean Detected
Cone

(mg/kg)

11,085
130
284
276
1.8
54

58,780
27
14

555
49,573
6,407
12,960
10,938

1.5
45

2,847
15
32
603
8.6
38

10,222

Max Detected
Cone

(mg/kg)

28,800
889

1,735
562
2.3
179

96,000
62
20

2^59
156,800
42,990
14,100
42,000

8.2
97

4,760
43
136

1,150
14
71

44,560

Sediment
Benchmark

(mg/kg)

3.8
0.2
0.3
17
2

1.2
NA
0.83
NA
39
NA
0.94
NA
322
0.01
64
NA
0.33
NA
NA
0.03
0.71
12

Is Chemical Bio-
accumulative?

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
NO
NO
NO
NO
NO

l s D F >
5%?

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

Is Max Non-
Detect >

Benchmark
Cone?

DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%

Is Chemical
an

Essential
Nutrient?

NO
NO
NO
NO
NO
NO

YES
NO
NO
NO
YES
NO
YES
NO
NO
NO
YES
NO
NO
YES
NO
NO
NO

Is Max Detect
Cone > Sediment

Benchmark?

YES
YES
YES
YES
NO

YES
no bnchmrk

YES
no bnchmrk

YES
no bnchmrk

YES
no bnchmrk

YES
YES
YES

no bnchmrk
YES

no bnchmrk
no bnchmrk

YES
YES
YES

COPC?

YES |4|
YES |4|
YES |4|
YES |4]
NO

YES |4|
NO [2]

YES |4|
YES |5|
YES |4|
NO [2]

YES (4|
NO [2]

YES |4|
YES |3|
YES |4|
NO [2]
YES |4]
YES |5|
NO [2]

YES [4|
YES |4|
YES |4|

Notes:

[I] Detection frequency is less than 5 percent.
[2] Analyle is an essential nutrient. Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodium.
[3] Identified as bioaccumulative based on the Great Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria
[4] Analyte concentrations are greater than the benchmark value.
[5] No benchmark value available.

NA = not available
ND = not detected
no bnchmrk = no benchmark

TOTAL COPCs: 17

COrScreen_Sediinent.xls: ecosed wi ld l i fe
2/15/2002



Table 4-8
Selection of Soil and Tailings COPCs for Terrestrial Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site

DRAFT

Analyte

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Iron
Lead

Mercury
Selenium

Silver
Zinc

Number of
Detections

51
34
182
30
64
SO
89
51
185
52
26
38
88

Number of
Samples

51
51
188
30
87
81
89
51
185
86
81
87
88

Detection
Frequency

(I)F)

100%
67%
97%
100%
74%
99%
100%
100%
100%
60%
32%
44%
100%

Mean Non-
Detected

Cone
(mg/kg)

NA
3
3

NA
0
3

NA
NA
NA
0
3
3

NA

Ma\ Non-
Detected

Cone
(mg/kg)

NA
3
3

NA
0
3

NA
NA
NA
0
3
3

NA

Mean Detected
Cone

(mg/kg)

10,662
153
83

262
34.8
23
219

33,368
1,666

5
12
37

4,085

Max Detected
Cone

(mg/kg)

32,700
505
637
413

250.0
111

1,323
77,500
31,600

85
24
120

33,800

Sediment
Benchmark

(mg/kg)

3.8
0.2
0.3 '
17
1

0.8
39
NA
1
0
0

NA
12

Is Chemical Bio-
accumulative?

NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
NO
NO
NO

l s D F >
5%?

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

Is Max Non-
Detect >

Benchmark
Cone?

DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%
DF>5%

Is Chemical
an

Essential
Nutrient?

NO
NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
NO
NO

Is Max Detect
Cone > Soil

Benchmark?

YES
YES
YES
YES
YES
YES
YES

no bnchmrk
YES
YES
YES

no bnchmrk
YES

COPC?

YES |4|
YES [4|
YES |4|
YES |4|
YES |4]
YES |4|
YES |4|
NO [2]

YES |4|
YES |31
YES |4]
YES |5|
YES |4|

Notes:

[ 1 ] Detection frequency is less (han 5 percent.
[2] Analyte is an essential nutrient. Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodium.
[3] Identified as bioaccumulative based on the Great Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria
[4] Analyle concentrations are greater than the benchmark value.
[5] No benchmark value available.

NA = not available
ND = not detected
no bnchmrk = no benchmark

TOTAL COPCs 12

COCScreen Soil&Tailings.xls: ecosoiljvildlife
2'15/2002



Table 5-1
Surface Water Exposure Point Concentrations for Aquatic Receptors and Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

Location

Silver Creek -
upslream

Silver Creek -
downstream

Soulh
Diversion

Dilch

Site Ponded
Water

Unnamed
Drainage

Station

USC-7

USC-6

492685

USC-5

USC-3

RF-SW-OI

RF-SW-02

RF-SW-03

N4

RF-SW-04

RF-7

RF-7-2

492695

RF-SW-05

RF-SW-06

N6

LISC-2

LJSC-I

RF-8

RF-8-2

492679

492680

RF-2

RF-4

RF-5

RF-5-4

N5

USC-4

RF-6

RF-6-2

RF-9

RF-3-2

TOTAL (ug/L)

Aluminum

710

25

na

25

69

20

70

19

na

66

25

100

na

9

185

na

25

350

330

na

50

na

580

480

340

470

na

25

na

165

na

1400

Arsenic

2.5

19.0

na

2.5

7.0

4.2

5.2

7.3

na

7.6

10.0

13.0

na

7.2

12.5

na

2.5

6.0

31.0

10.0

8.7

na

5.0

8.0

6.0

8.0

na

6.0

6.0

750

10.0

17.0

Cadmium

10.0

2.0

na

6.0

3.0

3.9

1.7

1.7

na

3.5

4.0

8.0

na

1.7

1.7

na

2.0

2.0

9.0

3.0

0.5

na

0.5

2.0

1.0

2.0

na

1.8

2.0

0.0

0.5

0.0

Chromium

4.4

5.0

na

5.0

5.0

3.9

3.9

3.9

na

3.9

7.5

3.0

na

3.9

3.9

na

5.0

5.0

4.0

10.0

5.8

na

7.5

0.0

0.0

5.0

na

5.0

4.0

0.0

10.0

0.0

Copper

18

6

na

9

7

10

10

10

390

10

13

8

na

10

10

10

3

12

10
5

6

na

18

17

12

18

11

6

5

10

5

22

Cyanide

na

na

na

na

na

na

na

na

6.4

na

na

2.0

na

na

na

2.7

na

na

2.0

na

5.0

na

na

na

na

na

na

na

2.0

na

na

na

Lead

27

31

na

26

41

35

19

15

1480

36

74

78

na

151

33

145

16

51

340

28

2

na

5

3

9

3

45

11

48

16

3

7

Mercury

0.052

0.042

na

na

na

0.100

0.100

0.100

143

0.100

0.250

0.243

na

0.100

0.100

133

na

0.113

0.350

0.250

0.100

na

0.280

0.345

0.256

0.240

0.200

0.002

0.233

0.320

0.250

0.240

Selenium

2.5

2.5

na

2.5

2.5

7.5

7.5

7.5

na

7.5

2.5

4.7

na

7.5

7.5

na

2.5

2.5

5.0

2.5

0.5

na

2.3

2.2

0.0

2.0

na

2.5

3.7

5.9

2.5

2.0

Silver

2.1

2.5

na

2.5

2.5

1.2

1.2

1.2

na

1.2

4.4

12.6

na

1.2

10.0

na

7.0

2.5

4.9

5.0

1.0

na

3.8

3.3

9.9

2.5

na

2.5

4.5

4.8

5.0

2.5

Zinc

2,500

1,400

na

1 ,900

1,200

1,110

2,080

769

1,350

776

96,000

2,100

na

466

321

902

630

1,100

1,700

850

170

na

94

2,700

900

2.600

918

110

850

310

1 1

98

DISSOLVED (ug/L)

Aluminum

25

25

29

25

170

na

na

na

na

na

25

88

65

na

na

na

25

25

33

na

15

15

190

61

45

69

na

25

na

33

na

89

Arsenic

5.0

8.0

3.3

5.0

7.0

na

na

na

na

na

7.0

8.2

2.5

na

na

na

7.0

6.0

8.2

10.0

12.0

7.6

6.0

8.0

5.0

7.0

na

2.5

6.0

3.9

10.0

10.0

Cadmium

7.0

2.0

3.3

1.0

1.0

na

na

na

na

na

2.0

6.0

12.0

na

na

na

1.5

1.8

2.1

2.0

0.5

I.I

0.5

0.5

0.5

0.5

na

1.8

1.7

0.6

0.5

0.0

Chromium

4.4

5.0

3.3

5.0

5.0

na

na

na

na

na

7.5

6.0

3.6

na

na

na

5.0

5.0

8.7

10.0

2.5

2.5

7.5

6.1

6.0

5.0

na

36.0

10.0

6.8

10.0

5.0

Copper

12.0

2.5

7.8

7.0

2.5

na

na

na

na

na

4.2

6.5

8.6

na

na

na

2.5

2.5

4.1

5.0

6.0

6.0

16.0

11.2

9.1

17.0

na

2.5

5.0

6.9

5.0

20.0

Cyanide

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

na

Lead

2.3

2.5

6.3

2.5

2.5

na

na

na

20.0

na

2.5

4.9

5.0

na

na

25.0

12.0

2.5

5.6

2.5

1.5

9.8

5.0

3.6

2.5

2.5

na

2.5

2.5

3.6

2.5

5.0

Mercury

0.004

0.004

0.100

na

na

na

na

na

na

na

0.250

0.220

0.100

na

na

na

na

0.002

0.220

0.250

0.100

0.100

0.200

0.200

0.220

0.220

na

0.001

0.250

0.002

0.250

0.220

Selenium

2.5

2.5

1.8

2.5

2.5

na

na

na

na

na

2.5

2.3

2.0

na

na

na

2.5

2.5

2.4

2.5

1.2

1.2

2.3

2.2

2.2

2.0

na

2.5

2.6

2.1

2.5

2.0

Silver] Zinc

2.1

2.5

1.0

2.5

2.5

na

na

na

na

na

4.4

3.8

1.0

na

na

na

2.5

2.5

3.9

5.0

1.0

1.0

3.8

3.3

3.6

2.5

na

2.5

4.4

3.4

5.0

2.5

2,100

1,400

1,170

2,000

1,100

na

na

na

560

na

83.000

2,000

1.011

na

na

370

710

1.000

1,100

850

330

765

79

2,600

860

2,500

na

100

850

150

29

77

Table 5-1 SW EPCs tor Aquatic Receptors rev xls: Exposure Table
2/14/2002
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Table 5-2
Sediment Exposure Point Concentrations for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

Location

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

South Diversion
Ditch - Wetland

Area

Station

USC-5

USC-6

USC-7

USC-1

USC-2

RF-SD-SD1

RF-SD-SD2

RF-SD-SD3

RF-SD-SD4

RF-SD-SD5

RF-SD-SD6

RF-SE-01

RF-SE-02

RF-SE-03

RF-SE-04

Aluminum

15,220

4,930

14,720

11,250

11,590

4,850

6,450

10,500

7,480

8,650

20,600

28,800

1,930

4,530

11,800

Antimony

175

889

64

140

137

72

53

36

65

97

63

99

85

99

40

Arsenic

393

1,735

105

341

271

156

119

125

205

119

101

202

189

310

189

Cadmium

65

179

28

50

58

73

50

35

51

38

18

93

53

65

40

Chromium

31

15

42

30

32

18

16

21

18

18

30

62

16

15

25

Copper

1,380

2,559

652

766

588

280

200

173

260

261

211

725

183

313

190

Lead

11,190

42,990

2,656

11,130

6,942

3,490

2,330

1,880

2,840

2,660

2,280

6,520

3,010

5,220

2,350

Manganese

na

na

na

na

na

na

na

na

na

na

na

5,060

2,200

2,330

42,000

Mercury

0

2

1

0

0

2

1

0

1

1

2

8

3
2

1

Nickel

na

na

na

na

na

na

na

na

na

na

na

51

13

21

97

Silver

48

136

51

49

40

25

16

13

19

20

14

41

1 1

16

8

Zinc

12,270

44,560

4,619

11,730

11,950

12,000

8,780

6,800

9,140

7,610

2,940

15,200

8,160

11,200

5,400
All units are in mg/kg.

Table 5-2 Sed EPCs for Aquatic Receptors rev.xls: Exposure Table
2/14/2002
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Table 5-3
Seep* Water Exposure Point Concentrations for Aquatic Receptors and Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

COPC

Monitoring wells below main embankment

MW-01 MW-03 MW-04 M\V-05 MW-06

Upgradient
monitoring

well
RT-1

TOTAL

Aluminum

Arsenic

Cadmium

Chromium

Copper

Cyanide

Lead

Mercury

Selenium

Silver

Zinc

80,700

76

42

95

1583

32

88

0.3

15

2

650

na

na

na

na

10

8

69

2.1

na

na

na

na

na

na

na

15

11,816

120

0.7

na

na

na

na

na

na

na

15

37

131

2.2

na

na

na

4,920

349

16

42

190

1,552

142

0.5

15

17

2,790

15,700

4

3

11

30

5

627

0.2

3

2

136
DISSOLVED

Aluminum

Arsenic

Cadmium

Chromium

Copper

Cyanide

Lead

Mercury

Selenium

Silver

Zinc

50

4

3

8

20

na

92

0.2

15

10

108

na

na

na

na

na

na

49

na

na

na

70

na

na

na

na

na

na

58

na

na

na

200

na

na

na

na

na

na

61

na

na

na

1,900

69

9

3

8

20

na

37

0.2

15

10

73

191

4

3

8

171

na

41

0.2

3

10

20
*Seep water concentrations estimated from available groundwater.
All units in ug/L.

Table 5-3 GW EPCs for Aquatic Receptors rev.xls: Exposure Table
2/14/2002



DRAFT

Table 5-4
Exposure Factors for Representative Wildlife Species

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings Site

Class

Avian

Mammalian

Type

Terrestrial

Aquatic

Terrestrial

Semi-
Aquatic

Herbivore

Insectivore

Carnivore

Insectivore

Piscivore

Carnivore

Insectivore

Herbivore

Piscivore

Receptor

Greater-Sage Grouse

American Robin

American Kestrel

Mallard Duck

Belted Kingfisher

Red Fox

Masked Shrew

Deer Mice

Mink

Genus species

Cenlrocercus urophasianus

Tiirdus migmlorius

Falco spai-venus

Anas platyrhynchos

Ceryle ulc^'on

Vulpes \iilpes

Sorex cinereus

Peromyscus maniculatiis

Miistela \ison

Body
Weight

(kg wet
weight)

2.3

0.081

0.115

1.13

0.147

4.54

0.0053

0.02

0.556

Food
Iiigestion

Rate

(kg wet
weight/day)

0.100

0.078

0.033

0.316

0.073

0.310

0.009

0.005

0.089

Water
Ingestioii

Rate

(L/day)

1.031

0.011

0.014

0.064

0.016

0.386

0.001

0.00

0.058

Sediment
Iiigestiou

Ratea

(kg dry
weight/day)

NA

NA

NA

0.002

0.0002

NA

NA

NA

0.0002

Soil
Ingestioii

Rateb

(kg dry
weight/day)

0.0007

0.0012

0.0001

NA

NA

0.0023

0.0004

0.00006

NA

Dietary Fraction
(df)

1 00% terrestrial
plants

100% soil
invertebrates

100% small
mammals

100% aquatic
invertebrates

100% fish

100% small
mammals

100% soil
invertebrates

100% vegetation

100% fish

NA = Not applicable
a Assumed to be equal to soil ifnot applicable (NA)
b Assumed to be equal to sediment ifnot applicable (NA)

Exposure Factois.xls: Factor Summary
2/15/2002
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Table 5-5
Surface Water Exposure Point Concentrations for Wildlife

Screening Ecological Risk Assessment for Richardson Flat Tailings

COPC

Arsenic

Lead

Mercury

Selenium

Silver

Zinc

Silver Creek -
upstream

18

953

90

4.1

6.9

5,666

Silver Creek -
downstream

23

165

75

5.0

4.9

1,426

Unnamed
Drainages

17

7.0

0.24

2.0

2.5

98

Ponded Water

10

2.5

0.25

2.5

5.0

11

South Diversion
Ditch

68

17

0.48

4.7

4.9

2,380

All units are in ug/L.

J

Table 5-5 SW EPCs for Wildlife Receptors rev.xls: Exposure Table
2/14/2002
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Table 5-6
Sediment Exposure Point Concentrations for Wildlife

Screening Ecological Risk Assessment for Richardson Flat Tailings

COPC

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Mercury

Nickel

Selenium

Thallium

Vanadium

Zinc

Silver Creek -
upstream

15,220

889

1,735

na

179

42

na

2,559

42,990

na

1.60

na

32

na

na

44,560

Silver Creek -
downstream

11,590

140

341

na

58

32

na

766

11,130

na

0.44

na

11

na

na

11,950

South Diversion
Ditch

15,125

93

163

na

66

24

na

270

3,042

na

1.60

na

7.0

na

na

12,000

Wetlands Area

28,800

99

300

562

93

62

20

725

6,520

42,000

8.2

97

43

12

71

15,200

All units are in mg/kg.

Table 5-6 EPCs for Wildlife Receptors rev.xls: Exposure Table
2/14/2002



Table 5-7
Soil and Tailings Exposure Point Concentrations for Wildlife

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

COPC

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Zinc

Background
Soils

na

na

10

265

1.0

23

29

59

0.15

2.5

127

Off-
Impoundment

Soils

na

na

43

331

15

24

49

806

1.3

2.5

551

On-
Impoundment

Soils

23,739

4.4

24

277

2.0

24

42

429

0.32

2.5

314

Tailings

na

na

na

na

na

na

na

na

na

na

na
All units in mg/kg.

Table 5-7 Soil EPCs for Wildlife Receptors rev.xls: Exposure Table
2/14/2002
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Table 5-8
Estimated Concentrations of COPCs in Food Items for Wildlife

Screening Ecological Risk Assessment for Richardson Flat Tailings

Designated
Reach

Upstream
Silver Creek

Downstream
Silver Creek

South
Diversion

Ditch

Wetlands Area

Parameter

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
Mercury
Nickel

Selenium
Silver

Thallium
Vanadium

Zinc

Estimated Concentration (rug/kg ww)

Benthic
Invertebrates

2283
133
180
na

1116
2.9

9162
3914
0.69
4.8
na

50310
1739
21
35
na

361
2.2

2743
1013
0.19
1.7
na

13492
2269

14
16.9
na

412
1.7
965
277
0.69
1.0
na

13549
4320

15
31

84.3
580
4.4
16

2596
594

6300
3.5
33.8
6.5
na
1.8
11

17162

Fish

15220
889
1735
na
179
42

2559
42990

1.6
32
136

44560
11590

140
341
na
58
32
766

11130
0.44

11
49

11950
15125

93
163
na
66
24
270
3042
1.6
7.0

21.9
12000
28800

99
300
562
93
62
20
725

6520
42000

8
97
43
41
12
71

15200

Exposure Area

Background
Soils

Off-
Impoundment

Soils

On-
Impoundment

Soils

Tailings

Plants

na
na

0.27
na

0.33
na
3.9
1.8

0.07
0.74
na
38
na
na

0.17
na
1.5
na
4.8
6

0.23
0.74
na
164
na
na

0.43
na

0.48
na
4.5
4.2
0.11
0.74
na
62
na
na

2.66
na
6.1
na
na

13.2
47
na

0.92
na
4.2
na
na
na
659

Soil
Invertebrates

na
na

1.04
na
7.0

0.84
10.9
18.1
0.48
1.53
na

352
na
na
2.9
na
61

0.84
12.6
150
1.00
1.53
na
103
na
na

1.92
na

12.2
0.84
12.0
90

0.62
1.53
na

474
na
na

18.5
na

' 493
0.8
na

24.7
2890

na
2.4
na
4.8
na
na
na

1910

Small
Mammal*

na
na

0.038
1.6
1.5
1.6

10.2
8.0

0.0056
0.63
na
85
na
na

0.17
3.8
21
1.6
11
29

0.048
0.66
na

840
na
na

0.089
3.2
3.0
1.64
10.9
21

0.012
0.63
na
91
na
na
3.4
na

269
1.8
na

23.0
171
na

0.63
na
1.1
na
na
na
124

J
Tissue concentrations predicted for herbivores, ormivores and carnivores in Appendix E. The highest

concentration is used in the estimation of dietary doses for wildlife species consuming small mammals.

Table 5-8 Terrestrial Tissue Data.x Is: Est Tissue Cone
2/15/2002



Table 6-1
Ambient Water Quality Criteria for Aquatic Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings

DRAFT

Chemical

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Calcium

Chromium

Cobalt

Copper

Cyanide

Iron

Lead

Lithium

Magnesium

Manganese

Mercury

Molybdenum

Nickel

Potassium

Selenium

Silver

Sodium

Strontium

Thallium

Vanadium

Zinc

aacute !>«.„ achronic "chronic

Not Hardness Dependant

Not Hardness Dependant

1.0166 -3.924 0.7409 -4.719

Not Hardness Dependant

0.9422 -1.700 0.8545 -1.702

Not Hardness Dependant

Not Hardness Dependant

1.273 -1.460 1.273 -4.705

Not Hardness Dependant

0.8460 2.255 0.8460 0.0584

Not Hardness Dependant

1.72

O.S473

-6.52

0.8840 0.8473 0.8840

AWQC Total
CMC (ug/L)

Acute

750

NA

340

NA

NA

NA

2.1

NA

16.0

NA

14.0

22

NA

81.6

NA

NA

NA

1.4

NA

469.2

NA

19.3

4.1

NA

NA

NA

NA

119.8

AWQC Total
CCC (ug/L)

Chronic

87

NA

150

NA

NA

NA

0.3

NA

11.0

NA

9.3

5.2

1.000

3.2

NA

NA

NA

0.77

NA

52.2

NA

5.0

NA

NA

NA

NA

NA

119.8

maciitt

1.0

1.0

1.137

0.316

0.960

1.0

1.0

1.462

0.850

0.998

0.922

0.850

0.978

"acme

0

0

0.0418

0

0

0

0

0.1457

0

0

0

0

0

m chronic

1.0

1.0

1.102

0.860

0.960

1.0

1.0

1.462

0.850

0.997

0.922

0.986

n chronic

0

0

0.0418

0

0

0

0

0.1457

0

0

0

0

AWQC
Dissolved

CMC (ug/L)

Acute

750

NA

340

NA

NA

NA

2.0

NA

5.1

NA

13.4

22.0

NA

64.6

NA

NA

NA

1.2

NA

468.2

NA

17.8

3

NA

NA

NA

NA

117

AWQC
Dissolved

CCC (ug/L)

Chronic

87

NA

150

NA

NA

NA

0.2

NA

9.5

NA

9.0

5.2

1000

2.5

NA

NA

NA

0.7

NA

52.0

NA

4.6

NA

NA

NA

NA

NA

I I S

AWQC Upper
Hardness Limits

(mg/L as CaCO3)

Acute

—

—
-

—

—
—

360

—

—
—

400

—

—
360

—
-

—

—
360

—

—
350

—

—

—

—
500

Chronic

—

—
-

—
-

-

209

-

—
-

2 1 1

-

151

—
-

—
210

—

—
-

—

-

211
NA = not available

SURFACE WATER AWOC NOTES:
AWQC Source: EPA 822-Z-99-001
Cadmium SWQC Source: EPA-822-R-01-OOI
Total Selenium CMC Source: EPA-820-B-96-001 >

For AWQC values that are hardness dependant:
AWQC Total, = expfa^l^HardnessJ+bJ

AWQC Dissolved, = AWQC Total * [m-n*(ln(Hardness)]
where: .v is either acute or chronic

Chromium VI AWQC Dissolved used because the screening value is lower than Chromium III .
Selenium AWQC dissolved based on total metals.

For table presentation, hardness-dependent values are calculated using a hardness of 100 mg/L.
If measured station hardness is outside of the specified upper hardness limits, the applicable upper hardness l imi t will be used to calculate the AWQC.

AWQCb.xls: AWQCs
2/15-2002
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Table 6-2
Sediment Toxicity Benchmarks

Screening Ecological Risk Assessment for the Richardson Flat Tailings

Analyte

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Cyanide

Lead

Manganese

Mercury

Nickel

Selenium

Silver

Thallium

Vanadium

Zinc

Sediment Effect Concentrations (SEC)

Effects
Range
Low

(ERL)

13,500

2

NA

NA

NA

NA

726

NA

1

NA

NA

Effects
Range

Median
(ERM)

58,030

25

NA

NA

NA

NA

1,673

NA

3.7

NA

NA

Threshold
Effects

Level (TEL)

25,519

NA

NA

NA

NA

NA

631

NA

0.73

NA

NA

Probable
Effects
Level
(PEL)

59.572

NA

NA

NA

NA

NA

1,185

NA

1.77

NA

NA

No Effect
Cone

(NEC)

73,160

NA

NA

NA

NA

NA

4,460

NA

NA

NA

NA

Selected Toxicity Benchmark
(mg/kg)

Low
Benchmark

(TEC)

13,500

2

9.79

NA

NA

0.99

43.4

NA

31.6

NA

35.8

631

0.18

22.7

NA

0.73

NA

NA

121

High
Benchmark

(PEC)

73,160

25

33

NA

NA

4.98

1 1 1

NA

149

NA

128

4,460

1.06

48.6

NA

3.7

NA

NA

459

a

b

c

c

c

c

c

a

c

c

d

c

Benchmark Source

Ingersoll etal., 1996

Long & Morgan, 1991

MacDonald et al., 2000

-

-

MacDonald et al., 2000

MacDonald et al., 2000

-

MacDonald et al., 2000

-

MacDonald et al., 2000

Ingersoll etal., 1996

MacDonald et al., 2000

MacDonald et al., 2000

-

MacDonald et al., 1996

-

-

MacDonald et al., 2000

All units are in mg/kg.

NA = Not Available

a Consensus-based values from MacDonald et al. (2000) not available -- selected toxicity values are based on
reported benchmarks from Ingersoll et al. (1996). Toxicity values from Ingersoll et al. (1996) are based on 28
toxicity studies and total extraction of sediment (BT).

the minimum and maximum
day Hyalella azteca (HA28)

Sediment Tox Benchmarks.xls: Sed Tox
2/15/2002
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Table 6-3

Screening Benchmarks for Amphibian Receptors from Aqueous Exposures

Screening Ecological Risk Assessment for Richardson Flat Tailings

Analytc

Antimony

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Nickel

Selenium

Silver

Zinc

Number of
Endpoint
Values

2

2

205

63

9

32

38

10

13

1 1

66

Species

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophrvne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Frog (Rana temporaria )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophrvne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Eastern Narrow-Mouthed Toad
(Gastrophryne carolinensis )

Endpoint

LC5I)

LC50

LC50

LC5I)

Avoidance

LC5o

LCS(,

LC50

LC50

LCj0

LC5(1

Exposure
Duration

7 days

7 days

7 days

7 days

Not Reported

Not Reported

7 days

7 days

7 days

7 days

7 days

Source

Birge (1978) & Birge
etal . (1979)

Birge (1978) & Birge
etal . (1979)

Birge etal . (1979)

Birge e ta l . (1979)

Costa (1%5)

Birge etal . (1979)

Birge etal. (1979)

Birge (1 978) & Birge
etal . (1979)

Birge (1978) & Birge
eta l . (1979)

Birge (1978)

Birge etal . (1979)

Cone
(ug/L)

300

40

40

40

260

40

1

50

90

10

10

Aqueous
Screening

Benchmark
(ug/L)*

30

4.0

4.0

4.0

0.26

4.0

0.1

5.0

9.0

1.0

1.0

Lowest exposure concentration selected for screening benchmark.
Mercury benchmark is based on inorganic mercury.
For lethality endpoints. Screening Benchmark = LC50, 10
For cyanide. Screening Benchmark - Avoidance Cone ' 100

Source: AQUTRE Database

Source Citation

Birge. W.J. 1978. Aquatic Toxicology of Trace Elements of Coal and Fly Ash. In: 1 H Thorp and J W Gibbons (Eds.), Department of Energy
Symposium Series. Energy and Environmental Stress in Aquatic Systems, Augusta, GA. 48:219-240.

Birge, W.J., I.E. Hudson, J.A. Black, and A.G. Westerman. 1979. Embryo-Larval Bioassays on Inorganic Coal Elements and in Situ Biomonitoring of
Coal-Waste Effluents. In: Symposium US Fish & Wildlife Service, Surface Mining- Fish & Wildl ife Needs in Eastern US, WV. 97-104.

Costa, H.H. 1965. Responses of Freshwater Animals to Sodium Cyanide Solutions 111. Tadpoles of Rana temporaria. Ceylon J Sci Biol Sci 5(2):97-
104.

Amphib Benchmarks.xls: Amphib Benchmarks
2/15/2002
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Table 6-4
Phytotoxicity Benchmarks for Soil Exposures

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Analyte

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercurv

Selenium

Silver

Zinc

CH2MHill, 1987a &
CH2MHHI, 1987b

NA

NA

100

NA

100

NA

100

1000

NA

NA

2

500

Efroymson et
al., 1997

50

5

10

500

4

1

100

50

35

1

2

50

Selected Phytotoxicity
Benchmark (mg/kg dw)

Low

50

5

10

500

4

1

100

50

35

1

2

50

High

NA

NA

100

NA

100

NA

NA

1000

NA

NA

NA

500

All units are mg/kg dry weight.
NA = Not Available

CH2MHill. 1987a. Assessment of the Toxicity of Arsenic, Cadmium, Lead and Zinc in
Soil, Plants and Livestock in the Helena Valley of Montana for East Helena Site
(ASARCO), East Helena, Montana.

CH2MHM1. 1987b. Assessment of the Toxicity of Copper, Mercury, Selenium, Silver
and Thallium in Soil, Plants and Livestock in the Helena Valley of Montana for East
Helena Site (ASARCO), East Helena, Montana.

Efroymson et al., 1997. Toxicological Benchmarks for Screening Contaminants of
Potential Concern for Effects on Terrestrial Plants: 1997 Revision.

Plant Rjsk_Soil Dislrih rev.xls: Veg Tox Benchmarks
2/15/2002



Table 6-5
Phytotoxicity Benchmarks for Aqueous Exposures

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Analyte

Aluminum

Arsenic

Beryllium

Boron

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Mercury

Selenium

Zinc

Number of
Literature Values

42

7

11

2

52

14

10

17

25

19

17

10

8

Confidence in
Benchmark Value

High

Low

Moderate

Low

High

Moderate

Low

Moderate

Moderate*

Moderate

Moderate

Low

Low

Phytotoxicity
Benchmark for
Solutions (ug/L)

300

1.0

500

1000

100

50

60

60

20

4000

5.0

700

400
NA = Not Available
* Decreased confidence based on lack of variety in test species.

Benchmark Confidence:
<10 literature values = Low
11 -20 literature values = Moderate
>20 literature values = High

Benchmark Derivation:
<10 literature values = lowest LOEC
>10 literature values = 10th percentile LOEC

Source:

Efroymson, R. A., M. E. Will, G. W. Suter II, A. C. Wooten. 1997. Toxicological
Benchmarks for ScreeningContaminants of Potential Concern for Effects on Terrestrial
Plants: 1997 Revision. Oak Ridge National Laboratory (ORNL). Prepared for the U.S.
Department of Energy, Office of Environmental Management. November 1997.

Plant Risk_Seep rev.xls: Solution Benchmarks
2/15/2002



Table 6-6
Soil Fauna Toxicity Benchmarks for Soil Exposures

DRAFT

Screening Ecological Risk Assessment for Richardson Flat Tailings

Analyte

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

ORNL

Earthworm

NA

NA

60

NA

20

0.4

60

500

0.1

100

NA

100

Micro-
organism

600

NA

100

3000

20

10

100

900

30

70

50

200

CCME

NA

NA

20

NA

3

NA

150

375

0.8

2

NA

600

RIVM

NA

NA

34

NA

1.6

100

40

140

0.67

NA

NA

160

Selected Soil Invertebrate
Benchmark (mg/kg dw)

Low

600

NA

20

3000

1.6

0.4

40

140

0.1

2

50

100

High

NA

NA

100

NA

20

100

150

900

30

100

NA

600
All units are mg/kg dry weight.

NA = Not Available

Source:

Oak Ridge National Laboratory (ORNL). Efroymson et al., 1997. Toxicological Benchmarks for Screening
Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997
Revision.

Canadian Council of Ministries of the Environment (CCME). 1997. Resommended Canadian Soil Quality
Guidlines.

National Institute of Public Health and the Environment (Bilthoven, The Netherlands) (RIVM). 1997. Maximum
Permissible Concentrations for metals, taking background concentrations into account.

Soil Invert Risk_Soil Distrib rev.xls: Soil Invert Benchmarks
2/15'2002
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Table 6-7

Uncertainty Factors Used in Deriving Wildlife TRVs

Screening Ecological Risk Assessment for Richardson Flat Tailings ,

Category

A

B

C

D

Basis for
Uncertainty
Inter-taxon
Extrapolation

Exposure
Duration

Toxicological
Endpoint

Modifying
Factors

Description

Same species
Same genus, different species
Same family, different genus
Same order, different family
Same class, different order
Same phylum, different class
Chronic study, approximately steady-state
Subchronic studies, steady state not achieved
Subacute studies (4-9 days for aquatic, 7-29 days for terrestrial)
Acute studies (1-3 days for aquatic, 1-6 days for terrestrial)
Peracute studies (less than 1 day, single dose)
NOEL for non-lethal sensitive endpoint
NOEL for lethality or severe endpoint
NOAEL for non-lethal sensitive endpoint
NOAEL for lethality or severe endpoint
LOEL for non-lethal sensitive endpoint
LOEL for lethality or severe endpoint
LOAEL for non-lethal sensitive endpoint
LOAEL for lethality or severe endpoint
PEL for non-lethal sensitive endpoint
PEL for lethality or severe endpoint
Endangered species
Threatened species
Listed species
Relevance of toxicological endpoint to assessment endpoints
Extrapolation from test conditions to site conditions
Relevance of exposure medium and co-contaminants
Relevance of mechanism to receptor of concern
Sensitivity of test species compared to receptor of concern
Reliability of methods used to estimate tissue levels
Differences in age, gender, development
Other factors

Uncertainty
Factor

1 -""
2
3
4
5

Do not use
1
3
5
10
15

0.75 to 1 -
2

1 to 2
3

2 to 3
5

3 to 5
10

5 to 10
15
2

1.5
1.25

1 to 2
0.5 to 2
0.5 to 2

1 to 2
0.5 to 2

1 to 2
1 to 2

0.5 to 2

TRY = Study Dose / Total UF

Total UF = A • B • C • D, where A = a^- -an

Wildlife Uncertainty Factors.doc
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Table 6-8
Summary of Ingestion TRVs for Wildlife Receptors

Screening Ecological Risk Assessment for Richardson Flats Tailings

DRAFT

Chemical

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Inorganic
Mercury

Organic
Mercury

Nickel

Selenium

Thallium

Vanadium

Zinc

TRY

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

M.4MM.4LL4N RECEPTORS
Deer Mouse

water

1.1

5.5

0.013

0.038

1.3

3.8

1.7

5.1

0.8

2.5

667

2.000

1.1

3.3

3.8

9.0

0.2

0.6

14.7

47.3

3.3

9.9

0.004

0.019

0.1

0.4

0.1

0.1

0.002

0.005

0.6

1.7

20

40

diet

2.3

11.0

0.025

0.075

2.5

7.6

3.4

10.1

0.8

1.7

1.333

4,000

2.2

6.7

168.0

362.0

0.4

1.3

29.3

94.7

6.6

19.8

0.008

0.038

13.3

40.0

0.1

0.2

0.003

0.010

1.1

3.3

40

80

Mink
water

0.7

3.3

0.003

0.009

0.3

0.8

1.0

3.0

0.2

0.5

400

1.200

0.7

2.0

17.7

25.7

0.16

0.31

8.80

28.40

0.7

2.1

0.040

0.066

0.1

0.3

0.039

0.1

0.001

0.003

0.3

1.0

156

467

diet

1.4

6.6

0.006

0.019

0.2

0.5

2.0

6.1

0.5

1.0

800

2,400

1.3

4.0

8.8

12.8

0.3

0.6

17.6

56.8

1.4

4.1

0081

0.132

8.0

24.0

0.1

0.1

0.002

0.006

0.7

2.0

311

933

Masked Shrew
water

0.7

3.3

0.003

0.009

0.3

0.8

1.0

3.0

0.2

0.5

400

1,200

0.7

2.0

0.8

1.8

0.0

0.1

8.8

28.4

1.3

4.0

0.002

0.011

0.1

0.3

0.0

0.1

0.001

0.003

0.3

1.0

12

24

diet

1.4

6.6

0.006

0.019

0.1

0.4

2.0

6.1

0.5

1.0

800

2,400

1.3

4.0

33.6

72.4

0.1

0.3

17.6

56.8

2.6

7.9

0.005

0.023

8.0

24.0

0.1

0.1

0.002

0.006

0.7

2.0

24

48

Red Foi
water

0.7

3.3

0.013

0.038

0.3

0.8

1.0

3.0

0.2

0.5

400

1,200

0.7

2.0

4.4

6.4

0.2

0.4

8.8

28.4

0.2

0.5

0.030

0.050

0.1

0.3

0.0

0.1

0.001

0.003

0.3

1.0

39

117

diet

1.4

6.6

0.025

0.075

0.2

0.6'

2.0

6.1

0.5

1.0

800

2.400

1.3

4.0

2.2

3.2

0.4

0.8

17.6

56.8

0.3

1.0

0.061

0.099

8.0

24.0

0.1

0.1

0.002

0.006

0.7

2.0

78

233

All units in mg/kg BW/day
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Table 6-8
Summary of Ingestion TRVs for Wildlife Receptors

Screening Ecological Risk Assessment for Richardson Flats Tailings

DRAFT

Chemical

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Inorganic
Mercury

Organic
Mercury

Nickel

Selenium

Thallium

Vanadium

Zinc

TRY

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

NOAEL

LOAEL

AVIAN RECEPTORS
American Robin
water

3.5

17.5

NA

NA

0.4

3.5

1.4

2.8

0.04

1.2

0.10

0.50

0.13

0.27

2.0

3.0

0.4

0.9

32.6

97.7

0.05

0.1

0.023

0.090

2.58

7.7

0.05

0.1

NA

NA

1.1

3.4

13

39

diet

7.0

35.0

NA

NA

0.8

7.1

2.8

5.6

0.09

2.4

0.20

1.00

0.27

0.53

4.0

6.0

0.9

1.8

65.1

195.4

0.09

0.2

0.045

0.181

5.16

15.5

0.10

0.2

NA

NA

2.3

6.8

26

79

American Kestrel
water

3.5

17.5

NA

NA

0.4

3.5

1.4

2.8

0.04

1.2

0.10

0.50

0.13

0.27

2.0

3.0

0.4

0.9

32.6

97.7

0.05

0.1

0.023

0.090

2.58

7.7

0.05

0.1

NA

NA

1.1

3.4

13

39

diet

7.0

35.0

NA

NA

0.8

7.1

2.8

.16

0.09

2.4

0.20

1.00

0.27

0.53

4.0

6.0

0.9

1.8

65.1

195.4

0.09

0.2

0.045

0.181

5.16

15.5

0.10

0.2

NA

NA

•7 -»

6.8

26

79

Belted Kingfisher
water diet

3.5

17.5

NA

NA

0.4

3.5

1.4

2.8

0.04

1.2

0.10

0.50

0.13

0.27

2.0

3.0

0.4

0.9

32.6

97.7

0.05

0.1

0.023

0.090

2.58

7.7

0.05

0.1

NA

NA

1.1

3.4

13

39

7.0

35.0

NA

NA

0.8

7.1

2.8

5.6

0.09

2.4

0.20

1.00

0.27

0.53

4.0

6.0

0.9

1.8

65.1

195.4

0.09

0.2

0.045

0.181

5.16

15.5

0.10

0.2

NA

NA

2.3

6.8

26

79

Mallard Duck
water diet

3.5

17.5

NA

NA

0.4

3.5

1.4

2.8

0.04

1.2

0.10

0.50

0.13

0.27

2.0

3.0

0.4

0.9

32.6

97.7

0.05

0.1

0.023

0.090

2.58

7.7

0.05

0.1

NA

NA

1.1

3.4

13

39

7.0

35.0

NA

NA

0.8

7.1

2.8

5.6

0.09

2.4

0.20

1.00

0.27

0.53

4.0

6.0

0.9

1.8

65.1

195.4

0.09

0.2

0.045

0.181

5.16

15.5

0.10

0.2

NA

NA

2.3

6.8

26

79

Greater-Sage Grouse
water

3.5

17.5

NA

NA

0.4

3.5

1.4

2.8

0.04

1.2

0.10

0.50

0.13

0.27

2.0

3.0

0.4

0.9

32.6

97.7

0.05

0.1

0.023

0.090

2.58

7.7

0.05

0.1

NA

NA

1.1

3.4

13

39

diet

7.0

35.0

NA

NA

0.8

7.1

2.8

5.6

0.09

2.4

0.20

1.00

0.27

0.53

4.0

6.0

0.9

1.8

65.1

195.4

0.09

0.2

0.045

0.181

5.16

15.5

0.10

0.2

NA

NA

2.3

6.8

26

79

All units in mg/kg BW/day
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Table 7-1

Surface Water Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Upstream Silver Creek

492685

SIU'ERCK.ATUSW
XING E OF PARK CITY

Hardness 4S9 (mg/L)

Upstream Silver Creek

492695

SIL l-'ER CK @ CITY
PARKAB PROSPECTOR

SQUARE

Hardness 361 (mg/L)

Upstream Silver Creek

N4

Silver Creek upstream of
diversion ditch

Hardness 20n (mg'L)

Upstream Silver Creek

RF-7

Silver Creek upstream of
confluence with south

diversion ditch

Hardness 432 (mg/L)

Upstream Silver Creek

RF-7-2

Silver Creek upstream ot
confluence with south

diversion ditch

Hardness 477 (mg/L)

Upstream Silver Creek

RF-SW-01

Silver Creek upstream of
diversion ditch

Hardness 200 (me L)

Parameter

Aluminum
Arsenic

Cadmium

Chromium
Copper
Cvanide

Lead
Mercury

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromrum
Copper
Cvanide

Lead
Mercury

Selenium
Silver
Zinc

TOTAL HI

Aluminum
Arsenic

Cadmium

Chromium
Copper
Gvanide

Lead
Mercury

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper-
Cyanide

Lead
Mercury

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercury

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI

Surface Water EPC
<ug/L>

Total

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

NA

NA
NA
NA
NA

NA

NA
NA

NA

NA
NA
NA
NA

390.00
6.44

14S0.46
143.01

NA
NA

1350.04

25.00
10.00

4.00

7.50
13.00

NA
74.00
0.25

2.50
4.3S

96000.00

100.00
13.00
s.oo
3.00
7.73

2.00

78.00
0.24

4.69
12.5S

2100.00

20.30
4.20

3.90

3.90
10.00

NA
35.30
0.10

7.50
1.20

1110.00

Dissolved

29.1

^-->

3.3
3.3
S

N'A
6

0.10

1.8
1.0

1170

64.7

2.5
12.0

3.6
9

NA
5

0.10

2.0
1.0

1011

NA
NA
NA
NA
NA
NA
20

NA
NA
NA
560

25.0

7.0
2.0
7.5
4

NA

j

0.25

2.5
4.4

83000

SS.4

8.2
6.0
6.0
6

NA
5

0.22

2.3
3.8

2000

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Total Ambient
Water Quality
Criteria (ug/L)

Acute | Chronic

750
340
7.8
16
52
22

417
1.4

19
35

460

750
340
7.S
16
47
IT

417
1.4

19
35

355

750

340
4.3
16
T?

~n

197
1.4
19
13

216

750
340

7.S

16
52
"IT

417

1.4

19
35

414

750

340

7.S

16
52
11

417

1.4

19
35

450

750
340
4.3
16
17
T)

197
1.4

19
13

216

S7

150
0.5
11
IS
5.2
5

n.s
5.0
NA
226

87
150
y.5
11
IS

5.2
5

0.8
5.0
NA
226

87
150
0.5
11
17

5.2
5

n.s
5.0
NA
216

87
150
0.5
11
IS
5.2
5

0.8
5.0
NA
226

S7

150
0.5
11
IS

5.2
5

0.8
5.0
NA
226

87
150
0.5
11
17

5.2
5

O.S
5.0
NA
216

Dissolved .Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
7.0
5.1
50
~>~>

252
1.2
18
30

450

750
340
7.0

5.1
45
TT

252
1.2
18
30

347

750
340

3.9
5.1
26
T>

136
1.2
18
11

211

750
340
7.0

5.1
50
TT

252
1.2
18
30

405

750
340
7.0

5.1
50
TT

252
1.2
18
30

440

750
340
3.9
5.1
26
~>~>

136
1.2
18
11

211

Chronic

S7

150
0.4
9.5
17

5.2
4

0.7

4.6
NA
222

S7

150
0.4
9.5
17

5.2
4

0.7

4.6
NA
222

87
150
0.4
9.5
16
5.2
4

0.7
4.6
NA
213

87
150
0.4
9.5
17

5.2
4

0.7
4.6
NA
222

87
150
0.4
9.5
17

5.2
4

0.7

4.6
NA
222

S7

150
0.4

9.5
16
5.2
4

0.7

4.6
NA
213

Total HQ

Acute

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

1E+01

3E-01

8E+00
1E+02

NC
NC

6E-HM)

1E402
3E-02
3E-02
5E-01

5E-01
3E-01

NC
2E-01
2E-01

1E-01
1E-01

2E+02
2E+02
1E-01

4E-02
1E+00

2E-01
1E-01

9E-02
2E-OI
2E-01

2E-01
4E-01

SE-HK)
7E+00
3E-02
1E-02
9E-01

2E-01
4E-01

NC
2E-0]

7E-02
4E-01
9E-02
5E+00

7E-HK)

Chronic

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

2E+01
1E+00
3E+02
2E+02

NC
NC

6E+00
SE+02
3E-01

7E-02
9E+00

7E-01
7E-01

NC
1E+01

3E-01

5E-01
NC

4E+02
SE-M»2
1E+00
9E-02
2E+01

3E-01
4E-01

4E-01

1E401

3E-01

9E-01
NC

9E+00
4E+01
2E-01

3E-02
9E+00

4E-01
6E-01

NC
7E+00
IE-HI

2E+00
NC

5E+00
2E-HI1

Dissolved HQ

Acute

4E-02
1E-02

5E-01

6E-01
2E-01

NC
3E-02
SE-02

1E-01
3E-02
3E+00
4E+00

9E-02
7E-03
2E+00

7E-01
2E-OI

NC
2E-02
SE-02

1E-01
3E-02
3E+00
SE+00

NC
NC
NC
NC
NC
NC

IE -01

NC
NC
NC

3E+00
3E400
3E-02
2E-02
3E-01

1E+00
SE-02
NC

1E-02

2E-01

1E-01
1E-01

2E+OJ
2E-HH
1E-01

2E-02
9E-0 1

1E+00
1E-01

NC
2E-02
2E-01

1E-01
1E-01

SE+00
7E+00

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Chronic

3E-01

2E-02
8E+00

3E-01
5E-01

NC
2E+00
2E-01

4E-01
NC

SE+00
2E+01
7E-01

2E-02
3E+01

4E-01
5E-01

NC
1E-HIO
2E-01

4E-01
NC

SE+00

4E+01
NC
NC
NC
NC
NC
NC

5E+00
NC
NC
NC

3E+OO
8E+00
3E-01

5E-02
5E+00

8E-01
2E-01

NC
6E-D1

4E-01

5E-01
NC

4E+02
4E+02
1E+00
5E-02
1E+01

6E-01
4E-0 1

NC
1E+00
3E-01

5E-01
NC

9E+00
3E+01

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
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Table 7-1

Surface Water Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

ALJUHUC

Station Information

Upstream Silver Creek

RF-SW-02

Silver Creek upstream of
diversion ditch

Hardness 200 (mg'L)

Upstream Silver Creek

RF-SW-03

Silver Creek upstream of
diversion ditch

Hardness 200 (mg'L)

Upstream Silver Creek

RF-SW-04

Silver Creek upstream of
diversion ditch

Hardness 200 (mg'L)

Upstream Silver Creek

USC-3

Silver Creek at
Richardson Flats:

upstream of RR tressel

Hardness 454 (mg L)

Upstream Silver Creek

USC-5

Silver Creek above
Richardson Flats: at old

north road to site

Hardness 464 (mg'L)

Upstream Silver Creek

USC-6

Silver Creek belou1 Silver
Maple Claims

Hardness 4SO(mg;L)

Parameter

Aluminum
Arsenic

Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL Bl
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI

Surface Water EPC
dig/I.)

Total

70.10
5.20
1.65
3.90
10.00
NA

1S.SO
0.10
7.50
1.20

2080.00

19.30
7.30
1.65
3.90
10.00
NA

15.00
0.10
7.50
1.20

769.00

65.50
7.60
3.50
3.90
10.00
NA

36.40
0.10
7.50
1.20

776.00

69.00
7.00
3.00
5.00
7.00

NA
41.00
NA

2.50
2.50

1200.00

25.00
2.50
6.00
5.00
9.00
NA

26.00
NA
2.50
2.50

1900.00

25.011
19.00
2.00
5.00
6.00
NA

31.00
0.04

2.50
2.50

1400.00

Dissolved

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

170.0
7.0

1.0
5.0

3
NA

3
NA
2.5
2.5

1100

25.0
5.0
1 .0
5.0
7

NA
3

NA
2.5
2.5

2000

25.0
8.0
2.0
5.0

3
NA

3
0.0"4
2.5
2.5

1400

Tola! .Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
4.3
16
27
22
197
1.4
19
13

216

750

340
4.3
16
TJ

22
197
1.4
19
13

216

750
340

4.3

16
27
22
197
1.4
19
13

216

750
340
7.S
16
52
IT

417

1.4

19
35

432

750

340
7.S

16
52
T)

417

1.4

19
35

439

750

340
7.8

16
52
T)

417

1.4

19
35

453

Chronic

87
150
0.5
11
17

5.2
5

O.S
5.0
NA
216

S7

150
0.5
11
17

5.2
5

O.S
5.0
NA
216

S7

150
0.5
11
17

5.2
5

O.S
5.0
NA
216

S7

150
0.5
11
IS
5.2
5

O.S
5.0
NA
226

87
150
0.5
11
IS
5.2
5

O.S
5.0
NA
226

87
150
0.5
11
IS
5.2
5

O.S
5.0
NA
226

Dissolved Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
3.9
5.1
26
22
136
1.2
18
11

211

750
340
3.9
5.1
26
22
136
1.2
18
11

211

750
340
3.9
5.1
26
22
136
1.2
18
11

211

750
340
7.0
5.1
50
22

252
1.2
18
30

423

750

340
7.0

5.1
50
22
252
1.2
18
30

430

75o
340
7.0

5.1
50
-IT

252
1.2
18
3o

443

Chronic

S7

150
0.4
9.5
16
5.2
4

0.7
4.6
NA
213

87
150
0.4

9.5
16
5.2
4

0.7

4.6
NA
213

S7

150
0.4

9.5
16
5.2
4

0.7

4.6
NA
213

S7

150
0.4

9.5
17

5.2
4

0.7

4.6
NA
222

87

150

0.4
9.5
17

5.2
4

0.7

4.6
NA
222

S7

150
0.4
9.5
17

5.2
4

o.7

4.6
NA
222

Total HQ

Acute

9E-02
2E-02
4E-01
2E-01
4E-01

NC
1E-01
7E-02
4E-01
9E-02
1E-HU
1E-HU
3E-02
2E-02
4E-01
2E-01
4E-01

NC
SE-02
7E-02
4E-01
9E-02
4E+00
5E-HW
9E-02
2E-02
SE-01
2E-01
4E-01

NC
2E-01
7E-02
4E-01
9E-02
4E-H>0
6E+00
9E-02
2E-02
4E-01
3E-01
1E-01
NC

1E-01
NC

1E-01
7E-02
3E+00
4E400
3E-02
7E-03
SE-01
3E-01
2E-01
NC

6E-02
NC

1E-01
7E-02

4E-MM)

SE+00
3E-02
6E-02
3E-01
3E-01
IE -ill
NC

~E-02
3E-02
1E-01
7E-02
3E+00
4E-HW

Chronic

SE-01
3E-02
4E400
4E-01
6E-01
NC

3E+00
1E-01

2E+00
NC

1E+01
2E+01
2E-01
5E-02
4E+00
4E-01
6E-01
NC

3E+00
1E-01

2E+00
NC

4E+00
IE-Mil
SE-01
5E-02
8E+00
4E-01
6E-01
NC

7E+00
1E-01

2E+00
NC

4E-HH)
2E-K)1
SE-01
5E-02
6E+00
5E-01
4E-01

NC
8E400

NC
5E-01
NC

5E-HW
2E-M)1
3E-01
2E-02
1E+01
5E-01
5E-01
NC

5E400
NC

5E-01
NC

8E-KIO
3E-HI1
3E-01
IE -01

4E+00
5E-01
3E-01
NC

6E+00
5E-02
5E-01
NC

6E-HW
2E-H11

Dissolved HQ

Acute

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

2E-01
2E-02
1E-01
1E+00
5E-02

NC
1E-02
NC

1E-01
SE-02

3E-MIO
4E-H10
3E-02
1E-02
1E-01
1E+00
1E-01
NC

1E-02
NC

1E-01
SE-02
5E-MIO
6E+00
3E-02
2E-02
3E-01
1E+00
5E-02

NC
1E-02
3E-03
1E-01
3E-02
3E-MW
5E-HW

Chronic

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

2E+00
5E-02
2E+00
5E-01
1E-01
NC

6E-01
NC

5E-01
NC

5E-H)0
lE-rOl

3E-01
3E-02
2E+00
5E-01
4E-01

NC
6E-01

NC
5E-01
NC

9E-HH)
1E-HU
3E-01
5E-02
5E+00
5E-01
1E-01
NC

6E-01
6E-03
5E-01

NC
6E-HM)
1E+01
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Table 7-1

Surface Water Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

c [ij;k s

Station Information

Upstream Silver Creek

USC-7

Silver Creek above Silver
Maple Claims

Hardness 361 (mg/L)

Downstream Silver
Creek

492679

SIL I'ER CREEK W\VTP

Hardness 581 (mg'L)

Downstream Silver
Creek

492680

SIL I'ER CK .IB
ATKJ.VSOK

Hardness 462 (mg'L)

Downstream Silver
Creek

N6

Silver Creek downstream
of diversion ditch

Hardness 200 (mg'L)

Downstream Silver
Creek

RF-8

Silver Creek downstream
oi confluence \\-ilh south

diversion ditch

Hardness 495 (mgL)

Downstream Silver
Creek

RF-8-2

Silver Creek downstream
of confluence with south

diversion ditch

Hardness 200 (mg'L)

Parameter

Aluminum
Arsenic

Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cyanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL Bl
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI

Surface Water EPC
<ug/L>

Total

710.0"
2.50
10.00
4.38
1S.OO
NA

27.00

0.05
2.50
2.13

2500.00

50.00
S.70
0.50
5.80
6.00
5.00
1 .50
0.10
0.50
1 .00

170.00

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA

NA

NA
10.24

2.65
145.34
133.06

NA
NA

901.51

330.00
31.00
9.00
4.00
10.43
2.00

340.00
0.35
5.00
4.95

1700.00

NA
10.00
3.00

10.00
5.00
NA

2S.OO
0.25
2.50
5.0"

850.00

Dissolved

25.0
5.0
7.0

4.4
12

NA
T

0.004
2.5
2.1

2100

15.0
12.0
0.5
2.5
6

NA
2

0.10
1.2
1.0

330

15.0
7.6

1.1

2.5
6

NA
10

0.10
1.2
1.0

765

NA
NA
NA
NA
NA
NA
25

NA
NA
NA
370

33.3
' S.2

2.1
8.7
4

NA

6

0.22
2.4
3.9

1100

NA
10.0

2.0
10.0

5
NA

"}

0.25
2.5
5.0
850

Total Ambient
Water Quality
Criteria (ug/L)

Acute Chronic

750
340
7.S

16
47

22
417
1.4

19
35

355

"50
340
7.S
16
52
22

417
1.4
19
35

469

750
340
7.S
16
52
TT

417
1.4

19
35

438

750

340
4.3
16
27
Tl

197
1.4

19
13

216

"50
340

7.S

16
52
22

417
1.4
19
35

464

750

340

4.3

16
T-

22
197

1.4

19
13

216

S7

150
0.47

11

IS
5.2
5

O.S
5.0
NA
226

S"
150

0.47

11

IS
5.2
5

O.S
5.0
NA
226

S7
150

0.47
11
IS
5.2
5

O.S
5.0
NA
226

87
150

0.45
11
17

5.2
5

O.S
5.0
NA
216

S7

150
0.47

11

IS
5.2
5

O.S
5.0
NA
226

S7

150
0.45
11
17

5.2
5

O.S
5.0
NA
216

Dissolved Ambient
Water Quality
Criteria (ug/L)

Acute

750

340
7.0

5.1
45

22
252
1.2
18
30

347

750
340
7.0
5.1
50
22
252
1.2
18
30

458

750
340
7.0
5.1
50
22

252
1.2
18
30

428

750

340

3.9
5.1
26
22
136
1.2
18
11

211

750
340
7.0

5.1
50
22

252
1.2
18
30

454

750
. 340

3.9
5.1
26
TT

136

1.2
18
1 1

211

Chronic

S7
150

0.41
9.5
17

5.2
4

0.7
4.6
NA
222

S7

150
0.41
9.5
17

5.2
4

0.7

4.6
NA
222

S7

150
0.41

9.5
17

5.2
4

0.7
4.6
NA
222

S7

150
0.40

9.5
16
5.2
4

0.7

4.6
NA
213

S7

150

0.41

9.5
17
5.2
4

0.7

4.6
NA
222

S7

150
0.40

9.5
16
5.2
4

0.7

4.6
NA
213

Total HQ

Acute Chronic

9E-01
VE-03
1 E+00

3E-01
4E-"1

NC
6E-02
4E-02
1E-01
6E-02
7E-H)0
1E-HU
7E-02
3E-02
6E-02
4E-01
IE -01
2E-01
4E-03
7E-02
3E-02
3E-02
4E-01
1E+00

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

4E-01
1E-01
7E-01
1E+02

NC
NC

4E-KM)
1E-HJ2
4E-01
9E-02
1E+00

3E-01
2E-01
9E-02
SE-01
2E-01
3E-01
1E-01

4E+00
7E-HHI

NC
3E-02
TE-01
6E-01
2E-01
NC

1E-01
2E-01
1E-01
4E-01

4E+00
6E+OQ

8E-HW
2E-02
2E+01
4E-01
1E+00

NC
5E+00
7E-02
5E-01
NC

1E-KU
5E401
6E-0!
6E-02
1E+00
5E-01
3E-01
1E+00
3E-01
1E-01
1E-01
NC

8E-01
5E+00

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

6E-01
5E-01
3E-K)1
2E+02

NC
NC

4E-HM)
2E-H)2
4E+00
2E-01
2E+01
4E-01
6E-01
4E-01
6E+01
5E-01
1E+00

NC
8E+00
1E402

NC
7E-02
7E+00
9E-01
3E-01
NC

5E+00
3E-01
5E-01
NC

4E+00
2E-HH

Dissolved HQ

Acute

3E-02
1E-02
1E+00
9E-01
3E-0]
NC

9E-03
3E-03
1E-01
"E-02
6E+00
8E+00
2E-02
4E-02
7E-02
5E-01
1E-01
NC

6E-03
SE-02
7E-02
3E-02
7E-01
2E+00
2E-02
2E-02
2E-01
5E-01
1E-01
NC

4E-02
SE-02
7E-02
3E-02
2E400
3E-KM)

NC
NC
NC
NC
NC
NC

2E-"1
NC
NC
NC

2E-HJO
2E-HJO
4E-02
2E-02
3E-01
2E-KH)
SE-02
NC

2E-02
2E-01
1E-01
IE -01

2E-H)Q
5E-KW

NC
3E-02
5E-01
2E+00
2E-01
NC

2E-02
2E-01
1E-01
4E-"1
4E400
8E-KW

Chronic

3E-01
3E-02
2E+01
5E-01
7E-01

NC
6E-01
6E-03
5E-01

NC
9E-MIO
3E-HU
2E-01
SE-02
1E+00

3E-01
4E-01

NC
4E-0 1

2E-01
3E-01
NC

1E+00
4E400
2E-01
5E-02
3E-H>0

3E-01
4E-01

NC
2E+00
2E-01
3E-01

NC
3E+00
1E-HU

NC
NC
NC
NC
NC
NC

6E-HIO
NC
NC
NC

2E+00
8E+00
4E-01

5E-02
5E+00
9E-01
2E-01
NC

1E+00
3E-01
5E-01

NC
5E-HX)
1E+01

NC
7E-02
5E+00

1E+00
3E-0 1

NC
6E-01
4E-01
5E-01
NC

4E+00
1E-HU

V EPC t)y itauon..\ls: HQ Summary by station Page t of 6
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Table 7-1

Surface Water Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Aijuauc

Station Information

Downstream Silver
Creek

RF-SW-05

Silver Creek downstream
oj diversion ditch

Hardness 200 (mg/L)

Downstream Silver
Creek

RF-SW-06

Silver Creek downstream
aj diversion ditch

Hardness 200 (mg-1.)

Downstream Silver
Creek

USC-1

Silver Creek below
Richardson Flat: at 1'2-iS

rail tresscl

Hardness 521 (mg'L)

Downstream Silver
Creek

USC-2

Silver Creek below
Richardson Flat: at i '2-J8

culvert

Hardness 51o (mg'L)

Site Divers ion Ditch

N5

Diversion Ditch

Hardness 20( i ( m g L )

Site Diversion Ditch

RF-2

South diversion ditch

Hardness 193 (mg'L)

Parameter

Aluminum
Arsenic

Cadmium
Chromium

Copper
Cyanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI

Surface Water EPC
<"g/L)

Total

S.55
7.20
1.65
3.90
10.00
NA

151.00
0.10
7.50
1.20

466.00

1 S5.00
1 2.50
1.65
3.90
10.00
NA

33.20
0.10
7.50
1(1.00

321.00

350.0U
6.00
2.0(1
5.00
1 2.00
NA

51.00
0.11
2.50
2.50

1100.00

25.00
2.50
2.00
5.00
2.50
NA

16.00
NA
2.50
7.00

630.00

NA
NA
NA
NA

10. S7
NA

44.61
0.20
NA
NA

918.35

5SO.OO
5.00
0.50
7.50
1 S.OO

NA
5.0H
0.2S
2.25
3.75

94.00

Dissolved

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

25.0
6.0
l.S
5.0

3
NA

3
0.002

2.5
2.5

1000

25.0
7.0

1.5
5.0

3
NA
12

NA
2.5
2.5
710

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

190.0
6.0
0.5
7.5
16

NA
5

0.20
2.3
3.S
79

Total Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
4.3
16
27
22
197
1.4
19
13

216

750
340
4.3
16
">7

22
197
1.4
19
13

216

750
340

7.S

16
52
22

417
1.4
19
35

469

750
340
7.S
16
52
TT

417

1.4

19
35

469

"50
340
4.3
16
27
Tl

197
1.4
19
13

216

750

340

4.2

16
26
->*>

1SS
1.4

19
13

209

Chronic.

S7

150
0.45
11
17

5.2
:>

O.S
5.0
NA
216

S7

150
0.45

11
17

5.2
5

O.S
5.0
NA
216

S7

150
0.47

11
IS

5.2
5

O.S
5.0
NA
226

S7

150
0.47

11
IS

5.2
5

O.S
5.0
NA
226

S7

150
0.45
11
1"

5.2
5

O.S
5.0
NA
216

87

150
0.44

11
16

5.2
j

O.S
5.0
NA
209

Dissolved Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
3.9
5.1
26
~>~>

136
1.2
18
11

211

750
34U
3.9
5.1
26
TT

136
1.2
18
11

211

750
340

7.0

5.1
50
TT

252
1.2
18
30

458

750
34(1
7.0

5.1
50
IT

252
1.2
18
3l>

458

750
340

3.9
5.1
26
22
136
1.2
18
11

211

"50
340
3.S
5.1
25
IT

131
1.2
18
11

204

Chronic

87
150

0.40

9.5
16
5.2
4

0.7

4.6
NA
213

S7

150
0.40

9.5
16
5.2
4

0.7

4.6
NA
213

87
150

0.41
9.5
17

5.2
4

0.7

4.6
NA
222

S7

150
0.41
9.5
17

5.2
4

0.7
4.6
NA
•)•)•)

S7

150
0.40

9.5
16

5.2
4

0.7
4.6
NA
213

S7

150
0.39
9.5
16
5.2
4

0.7

4.6
NA
206

Total HQ

Acute

1E-02
2E-"2
4E-01
2E-01
4E-01
NC

SE-Ol
7E-02
4E-01
9E-02
2E+00
5E+00
2E-01
4E-02
4E-01
2E-01
4E-01

NC
2E-01
7E-02
4E-01
7E-01
1E+00
4E-HW
5E-01
2E-02
3E-01
3E-01
2E-01
NC

1E-01
SE-02
1E-01
7E-02
2E-HW
4E-KMI
3E-02
7E-03
3E-01
3E-01
5E-02
NC

4E-02
NC

1E-01
2E-01
1E+00
2E-HW

NC
NC
NC
NC

4E-01
NC

2E-01
1E-U1
NC
NC

4E-KIO
5E-HW
SE-ol
1E-02
1E-01
5E-01
TE-OI
NC

3E-02
2E-01
1E-01
3E-01
5E-01
3E-HW

Chronic

1E-01
5E-02
4E+00
4E-01
6E-01
NC

3E+01
IE- i l l

2E-HW
NC

2E-HW
4E-M)1
2E+00
SE-02
4E+00
4E-01
6E-01
NC

6E+00
IE -01

2E400
NC

1E-I-00
2E-KU
4E+00
4E-02
4E+00
5E-01
7E-01
NC

9E+00
1E-01
5E-01

NC
5E-MW
2E+01
3E-01
2E-02

4E-HJO
5E-01
IE -01
NC

3E+00
NC

5E-01
NC

3E400
1E-KI1

NC
NC
NC
NC

6E-01
NC

8E+00
3E-01
NC
NC

4E-HM
1E+01
7E+00
3E-02
1E+00

7E-01
1E+00
NC

9E-01
4E-01
5E-01
NC

5E-01
1E-HH

Dissolved HQ

Acute

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

3E-02
2E-02
3E-01
1E+00
5E-02

NC
1E-02
2E-03
1E-01
SE-02
2E+00
4E+00
3E-02
2E-02
2E-01
1E+00
5E-02

NC
5E-02

NC
1E-01
SE-W2
2E400
3E+00

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

3E-01
2E-02
IE -01
1E-I-00
6E-01

NC
4E-02
2E-01
1E-01
4E-01
4E-01
4E-HM

Chronic

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

3E-01
4E-02
4E+00
5E-01
1E-01
NC

6E-01
4E-03
5E-01

NC
4E+00
1E+01
3E-01
5E-02
4E+00
5E-01
1E-OI
NC

3E+00
NC

5E-01
NC

3E400
1E401

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

2E+00
4E-02
1E-00
8E-01
lEHKi
NC

lE+oo
3E-01
5E-01

NC
4E-Q1
8E-KW
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Table 7-1

Surface Water Hazard Quotients (IIQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

\quauc Idik S

Station Information

Site Diversion Ditch

RIM

South diwrsiun ditch

Hardness 733 (mg''L)

Site Diversion Ditcli

RF-5

South diversion ditch

Hardness S64 (mg/L)

Site Diversion Ditch

RF-5^t

South diversion ditch

Hardness 450 (mg-'L)

Site Diversion Ditch

RF-6

South diversion ditch

Hardness 5S7 (mg-L)

Site Diversion Ditch

RF-6-2

South diversion ditch

Hardness 106S(mg.L)

Site Diversion Ditch

USC^t

Richardson Flats
diversion ditch 50'

Hardness 999 ( m g L )

Parameter

Alummum
Arsenic

Cadmium
Chromium

Copper
Cvanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI

Surface Water EPC
(ug/L)

Total

480.00
S.OO

2.00

0.05

17.00

NA
2.50

0.35

2.17

3.33

2700.00

540.00

6.00

1.00

0.04

12.13

NA
9.00

0.26

0.00

9.S6

900.00

470.00

S.OO

2.00

5.00

1 S.OO

NA
2.50

0.24

2.00

2.50

2600.00

NA
6.00

2.02

4.00

5.00

2.00

4S.OO

0.23

3.73

4.50

850.00

164.57

750.W

0.00

0.04
9.97
NA

16.00
0.32

5.87
4. SO

310.00

25.00
6.00
I. S3
5.00
6.00
NA

1 1 .00

O.OH2
2.50
2.50

110.00

Dissolved

60. S
S.O
0.5
6.1
11

NA
4

0.20

2.2
.>.:>

2600

44.9
5.0
0.5
6.0
9

NA
3

0.22

2.2
3.6
860

69.0
7.0
0.5
5.0
!7

NA
j

0.22

2.0
2.5

2500

NA
6.0
1.7

10.0
5

NA
3

n.25

2.6
4.4
850

32.5
3.9
0.6

6.8
1 7

NA
4

0.002
2.1
3.4
150

25."
2.5
l.S

36.0
_>

NA
3

0.001

2.5
2.5
100

Total Ambient
Water Quality
Criteria (ug/L)

Acute

750
3411

".S

16
52
T>

417
1.4

19
35

469

75ft

340
7.S

16
52
T>

417
1.4
19
35

469

750
340
7.S
16
52
11

417

1.4

19
35

428

750
340
7.S

16
52
11

417
1.4

19
35

469

75"
34"
7.S

16
52
11

417
1.4

19
35

469

750
340
7.S

16
52
11

41~
1.4

19
35

469

Chronic

S7
150

0.47

11
IS
5.2
5

O.S
5.0
NA
226

87
150

0.47

11
I S

5.2
5

O.S

5.0
NA
226

S7
150

0.47

11
IS

5.2
5

O.S

5.0
NA
226

S7
150

0.47

11
I S
5.2
5

O.S

5.0
NA
226

87

150
0.47

11
IS

5.2
3

O.S
5.0
NA
226

87
150

0.47

11
IS
5.2
3

O.S

5.0
NA
226

Dissolved Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
7.0

5.1
50
11

252
1.2

18
30

458

75(1
340
7.0

5.1
50
22

252
1.2

18
30

458

750
340
7.0

5.1
50
11

252
1.2

18
30

419

750
340
7.0

5.1
50
22
252
1.2

18
30

458

75"
340
7.0

5.1
50
11

252
1.2

18
30

458

750
340

7.0

5.1
50
11

252
1.2

18
3o

458

Chronic

S7
150

0.41

9.5
17
5.2
4

0.7

4.6
NA
222

S7
150

0.41

9.5
17

5.2
4

0.7

4.6
NA
222

S7
150

0.41

9.5
17
5.2
4

0.7

4.6
NA
222

87
150

0.41

9.5
17
5.2
4

0.7

4.6
NA
222

S7
150
0.41

9.5
17
5.2
4

0."

4.6
NA
222

S7
15"

0.41

9.5
17
5.2
4

0.7

4.6
NA
222

Total HQ

Acute

6E-01
2E-02
3E-01

3E-03
3E-01
NC

6E-03
2E-01

1E-01
1E-01

6E+00
7E-KW
5E-01
2E-02
1E-01

3E-03
2E-01
NC

2E-02
2E-01

2E-04
3E-01
2E-HW
3E-HH)
6E-01
2E-02
3E-01
3E-01
3E-01
NC

6E-03
2E-01

1E-01
7E-02
6E+00
8E+00

NC
2E-02
3E-01
3E-01
1E-01
9E-02
1E-01
2E-01
2E-01
1E-01

2E-KIO
3E-HOO
2E-H1
2E+00
3E-04
2E-03
2E-"1
NC

4E-02
2E-01

3E-01
1E-01
7E-01
4E-+00
3E-02
2E-02
2E-01

3E-01
lE-ol
NC

3E-02
1E-03
1E-01
7E-02
2E-01
1E+00

Chronic

6E+00
5E-02
4E400
4E-03
1E+00

NC
5E-01
4E-01

4E-01
NC

1E-H>1
2E-HH
4E+00
4E-02
2E+00
4E-03
7E-01
NC

2E+00
3E-01

8E-04
NC

4E+00
1E+01
5E+00
5E-02
4E+00
5E-01
lE+Oii

NC
5E-01
3E-01
4E-01
NC

1E+01
2E401

NC
4E-02
4E+00
4E-01
3E-01
4E-01
9E+00
3E-01
7E-01

NC
4E+00
2E-H)1
2E+00
5E-HW
4E-03
4E-03
6E-01
NC

3E+00
4E-01
1E+00

NC
1E+00
1E-H)1
3E-U1
4E-II2
4E+00
5E-01
3E-D1
NC

2E+00
3E-"3

5E-01
NC

5E-01
8E-MO

Dissolved HQ

Acute

SE-02
2E-02
7E-02
1E+00
2E-01

NC
1E-02
2E-01

1E-01
1E-01

6E+00
8E+00
6E-02
1E-02
7E-02
1E+00
2E-01
NC

1E-02
2E-01
1E-01
1E-01

2E-KW
4E-HOO
9E-02
2E-02
7E-02
1E-K10
3E-01
NC

1E-02
2E-01

1E-01
SE-02
6E+00
8E+00

NC
2E-02
2E-01

2E-KIO
1E-"1
NC

1E-02
2E-01

1E-01
1E-01

2E-KIO
5E-KIO
4E-02
1E-02
9E-02
1E+00
1E-01
NC

1E-02
2E-03
1E-01
1E-01
3E-01
2E-KIO
3E-"2
7E-03
3E-01

7E+00
5E-02

NC
1E-02
1E-03

1E-01
SE-02
2E-01
8E+00

Chronic

7E-01
5E-02
1E+00
6E-01
7E-01
NC

9E-0 1
3E-"1
5E-01
NC

1E401
2E-H)!
5E-01
3E-II2
1E+00
6E-01
5E-0 1
NC

6E-0]
3E-01

5E-01
NC

4E400
8E+00
SE-01
5E-02
lE+00

5E-01
1E+00
NC

6E-01
3E-01
4E-01

NC
IE-Kit
2E+01

NC
4E-02
4E+00
1E+00
3E-01
NC

6E-01
4E-01
6E-01
NC

4E-H>0
IE-HOI
4E-01
3E-W2
2E+00
7E-01
4E-01

NC
9E-0 1
3E-03
5E-01

NC
7E-01
SE-H10
3E-01
2E-02
4E+00
4E-K10
1E-01
NC

6E-0 1
2E-03
5E-01

NC
4E-01
1E+01

V EFC bv stauou..\l3: HQ Sujuinarv bv jubou Page 5 st 6
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Table 7-1

Surface Water Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Site Ponded Water

RF-9

Ponded water on tliL>
tailings impoundment

Hardness 2S7 (mg'L)

Unnamed Drainages -
Background

RF-1

£ 'nnamed drainage
flowing into the south

diversion ditch

Hardness 200 (ma'L)

Unnamed Drainages -
Background

RF-3-2

drainage ]lo\\:ing into the
south diversion ditch

Hardness 328 (mg'L)

Parameter

Aluminum
Arsenic

Cadmium

Chromium
Copper
Cvanide

Lead
Mercurv

Seloiium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cyanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cvanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI

Surface Water EPC
<ug/L)

Total

NA
10.00

0.50

10.00
5.00

NA
2.50

0.25

2.50
5.00

11.00

NA
NA
NA
NA
NA
NA
NA
0.01

NA
NA
NA

14110.0(1

17.00

0.01

0.04
22.00
NA
7.00

0.24

2.00
2.50

98.00

Dissolved

NA
10.0

0.5
10.0

5
NA

J

0.25

2.5
5.0
29

NA
NA
NA
NA
NA
NA
NA

0.004

NA
NA

NA

S9.li
10.0

0.0
5.0
20

NA
5

0.22

2.0
2.5
77

Total Ambient
Water Quality
Criteria (ug/L)

Acute

750

340
6.2
16
3S
11

313
1.4
19
25

293

750
340
4.3
16
27
11

197
1.4

19
13

216

750
340
7.1

16
43
11

370
1.4

19
31

328

Chronic

S7

150
0.47

11
IS
5.2
5

O.S
5.0
NA
226

S7

150
0.45

11
17

5.2
5

O.S
5.0
NA
216

S7

150
0.47

11
IS

5.2
5

O.S
5.0
NA
226

Dissolved Ambient
Water Quality
Criteria (ug/L)

Acute

750
340
5.6
5.1
36
12

199
1.2
18
21

286

75o
340

3.9
5.1
26
22
136
1.2
18
11

211

750

340
6.4

5.1
41
11

229
1.2
18
T7

321

Chronic

87
150

0.41

9.5
17

5.2
4

0.7

4.6
NA
222

S7

150
0.40
9.5
16
5.2
4

0.7
4.6
NA
213

87
150
0.41

9.5
17

5.2
4

0.7
4.6
NA
222

Total HQ

Acute

NC
3E-02
SE-02

6E-01
1E-01

NC
SE-03
2E-01

1E-01
2E-01

4E-02
1E+00

NC
NC
NC
NC
NC
NC
NC

5E-03

NC
NC
NC

5E-03
2E+00
5E-02
1E-03

2E-03
5E-01

NC
2E-02
2E-01

1E-01
SE-02
3E-01

3E+00

Chronic

NC
7E-02
lE+00

9E-01
3E-01

NC
5E-01

3E-01

5E-01
NC

5E-02
4E-HW

NC
NC
NC
NC
NC
NC
NC

9E-03

NC
NC
NC

9E-03
2E+01

1E-01

IE -02

4E-03
1E+00

NC
1E+00
3E-01

4E-01
NC

4E-01

2E-HU

Dissolved HQ

Acute

NC
3E-02
9E-02

2E+00
IE-i l l
NC

1E-02

2E-01

1E-01
2E-01

1E-01

3E+00
NC
NC
NC
NC
NC
NC
NC

4E-03

NC
NC
NC

4E-03
1E-01

3E-02
2E-H4

1E+00
5E-01

NC
2E-02
2E-01

1E-01
9E-02
2E-01

2E-MIO

Clironic

NC
7E-02
1E+00

1E+00
3E-01

NC
6E-01
4E-01

5E-01
NC

1E-01

4E-H)0
NC
NC
NC
NC
NC
NC
NC

7E-03

NC
NC
NC

7E-03
1E+00
7E-02
2E-03

5E-01
1E+00

NC
1E+00
3E-01

4E-01
NC

3E-01

5E+00
NA = Not Available
NC = Not Calculated

Mean concentrations are calculaled using 1/2 the detection limit for non-detects "U".
If station-specific hardness is noi available, a station hardness of 200 mg/L is assumed.
If hardness is greater than AWQC upper hardness l imit , the upper hardness l imit is used to calulate the AWQC.
HQs in exceedance of the benchmark are shown in boldface type.
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DRAFT

Table 7-2
Summary of Species-Mean Toxicity Reference Values for Fish

Screening Ecological Risk Assessment for Richardson Flat Tailings

Species

Brook trout (Salve Units fonti nalis)

Northern squawfish (Ptychockeilus oregonensis)

Rainbow trout (Oncorhynchus my kiss)

White sucke, (Catostomus commersoni)

Brook trout (Salvelinus fontinalis)

Rainbow trout (Oncorhynchus mykiss)

TRY

SMAV

SMAV

SMAV

SMAV

SMCV

SMCV

Cadmium

3.13

4586

11

6715

3.55

na

Lead

9,214

na

4,680

na

187

152

Zinc

3,695

11,578

1,213

9,199

1,617

1,272

All values are based on data given in EPA 1985 b-e, 1987, 1996.
SMAV = Species Mean Acute Value
SMCV = Species Mean Chronic Value
All values are adjusted to a hardness of 100 mg/L.
na = Not Available

RFT Tox data-fish.xls: All fish



DRAFT

Table 7-3
Summary of Genus-Mean Toxicity Reference Values for Aquatic Macroinvertebrates

Screening Ecological Risk Assessment for Richardson Flat Tailings

Species
Amphipod, Gammams sp.
Cladoceran, Daphnia sp.

Midge
Snail

Tubificid worm
Caddisfly

Cladoceran, Daphnia sp.
Snail

TRY

GMAV
GMAV
GMAV
GMAV
GMAV
GMCV
GMCV
GMCV

Cadmium

155
44

2477
817

9180
na
1.4
8.1

Lead
272.6
856.0

450,952
1,988
na
na

56.01
15

Zinc
14,252

528
na

2,506
2,224
13,832

91
na

All values are based on data given in EPA 1985 b-e, 1987, 1996.
GMAV = Genus Mean Acute Value
GMCV = Genus Mean Chronic Value
Where shaded, the species mean value is presented.
All values are adjusted to a hardness of 100 mg/L.
na = Not Available

Table 7-3 RFT tox data-benthic.xls: Summary Table



Table 7-4

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings

DRAFT

Station Information

Silver Creek - upstream

USC-5

Sihvr Creek above.
Richardson Flats; at old

north road to site

Silver Creek - upstream

USC-6

Silver Creek below Silver
Maple Claims

Silver Creek - upstream

USC-7

Silver Creek above Silver
Maple Claims

Silver Creek - downstream

USC-1

Silver Creek below
Kicliardson Flat; at U24S

rail tressel

Silver Creek - downstream

USC-2

Silver Creek below
Richardson Flat: at L'2-tS

iidvert

Parameter

Aluminum
Antimonv

Arsenic
Cadmium
Chromium

Copper
Lead

Manganese
Mercury
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimony

Arsenic
Cadmium
Cliromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimonv

Arsenic
Cadmium

Chromium
Copper

Lead
Manganese

Mercurv
Nickel
Silver
Zinc

TOTAL ffl

Aluminum
Antimonv

Arsenic
Cadmium
Cliromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimonv

Arsenic
Cadmium
Chromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL HI

Sediment EPC
(mg/kg)

15.220
175
393
65.0
31.0
1380

11,190
NA
0.5
NA
48.0

12.270

4.930
SS9
1735
179.0

15.0
2559

42,990
NA
1.6
NA

136.0
44,560

14,720
64
105
2S.O
42.0
652

2.656
NA
O.S
NA
51.0

4.619

1 1 ,250
140
341
50.0
30.0
766

11,13(1
NA
0.4

NA

49.0
1 1 .730

11.590
137
271

5S.O
32.0
5SS

6,942
NA
0.3
NA
40.0

11.9511

Sediment Benchmark
(mg/kg>

Low

13,500
~)

9.79
1.0

43.4
31.6
36

631
0.1S
22.7
n.73
121

13,500
">

9.79
1.0

43.4
31.6
36

631
0.18
->n -7

0.73
121

13.500
T

9.79
1.0

43.4
31.6
36

631
0.18
22.7
0.73
121

13.500
-)

9.79
1.0

43.4
31.6
36

631
0.1S
22.7
0.73
121

13,500
2

9.79
1.0

43.4
31.6
36

631
0.18
T) -T

0.73
121

High

73,160
25
j j
5.0
111
149
128

4,460
1 .06
48.6
3.7

459

73.160
25
j j
5.0
111
149
128

4,460
1.06
48.6
3.7
459

73,160
25
33
5.0
111
149
12S

4,460
1 .06
48.6
3.7
459

73.160
25
33
5.0
111
149
128

4,460
1.06
48.6
3.7
459

73,160
25
j j
5.0
111
149
12S

4.460
1.06
4S.6
J. /

459

Sediment HQ

Low

1E+00
9E+01
4E+01
7E+01
7E-01
4E+01
3E+02

NC
3E+00

NC
7E+01

1E+02
7E+02

4E-01
4E+02
2E+02
2E+02
3E-01
8E+01
1E+03

NC
9E+00

NC
2E+02
4E+02
3E-H>3

1E+00
3E401
lE+01
3E+01
1E+00
2E+01
7E+01

NC
5E+00

NC
7E+01
4E+01

3E+02

SE-01
7E+01
3E+01
5E+01
7E-01
2E+01
3E+02

NC
2E+00

NC
7E+01
1E+02
7E+02

9E-01
7E+01
3E+01
6E+01
7E-01

2E401
2E+02

NC
l E + i l i i

NC
5E+01
1E+02
5E+02

High

2E-01
7E+00
1E+01
1E-H)1
3E-01
9E+00
9E+01

NC
5E-0 1
NC

1E+01
3E+01
2E+02

7E-02
4E-K)!
SE+01
4E+01
1E-01
2E+01
3E+02

NC
2E+00

NC
4E+01
1E+02
6E+02

2E-01
3E+00
3E+00
6E+00
4E-01
4E+00
2E+01

NC
SE-01
NC

1E+01
1E+01
6E+01

2E-01
6E+00
1E+01
1E+01
3E-01
5E+00
9E+01

NC
4E-01

NC
1E+01
3E+01

2E+02

2E-01
5E+00
8E+00
1E+01
3E-01
4E+00
5E+01

NC
2E-01
NC

1E+01
3E+01
1E+02

Aquatic Risk_Sed EPC by Stdiion.xls: HQ Summary Page 1 of 3



Table 7-4

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings

DRAFT

Station Information

South Diversion Ditcli

RF-SD-SD1

South Diversion Ditch

South Diversion Ditch

RF-SD-SD2

South Diversion Ditch

South Diversion Ditch

RF-SD-SD3

South Diversion Ditch

South Diversion Ditcli

RF-SD-SD4

South Diversion Ditch

South Diversion Ditcli

RF-SD-SD5

South Diversion Ditch

Parameter

Aluminum
Antimonv

Arsenic
Cadmium

Chromium
Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimonv

Arsenic
Cadmium
Cliromium

Copper
Lead

Manganese
Mercury
Nickel
Silver
Zinc

TOTAL ffl

Aluminum
Antimonv

Arsenic
Cadmium
Chromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL ffl

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimonv

.Arsenic
Cadmium
Cliromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTALffl

Sediment EPC
(»>g/kg)

4.S50
7:
156

73.0
1S.O
2SO

3.490
NA
1.6
NA
25.0

12,000

6.450
53
119

50.0
16.0
200

2.330
NA
O.S
NA
16.0

S.7SO

10.500
36
125

35.0
21.0
173

l.SSfl
NA
0.3
NA
13.0

6,8011

7,480
65
205
51.0
1 8.0
260

2.840
NA
1.2

NA
19.0

9,140

S.650
97
119

38.0
18.0
261

2.66H
NA
1.0

NA
2o.o

7,610

Sediment Bendunark
(ing/kg)

Low

13.500
-)

9.79
1.0

43.4
31.6
36

631
0.1S
22.7
0.73
121

13.500
2

9.79
1.0

43.4
31.6
36

631
0.1S
TT 7

0.73
121

13,500
-)

9.79
1.0

43.4
31.6
36

631
0.1S
22.7
0.73
121

13.500
•7

9.79
1.0

43.4
31.6
36

631
0.18
12 .7

0.73
121

13,500
T

9.79
1.0

43.4
31.6
36

631
0.1S
22.7
n.73
121

High

73,160
25
j^
5.0
111
149
12S

4,460
1.06
4S.6
3.7

459

73,160
25
.> j
5.0
111
149
12S

4.460
1.06
4S.6
3.7
459

73,160
25
33
5.0
111
149
128

4,460
1 .06
4S.6
3.7
459

73,160
25
j.i
5.0
1 1 1
149
12S

4.460
1.06
48.6

J. I

459

73,160
25
.1 J

5.0
111
149
12S

4,460
1 .06
4S.6
j. -
459

Sediment HQ

Low

4E-01
4E+01
2E+01
7E+01
4E-01

9E+00
1E+02

NC
9E+00

NC
3E+01
1E+02
4E+02

5E-01
3E+01

1E+01
5E+01

4E-01
6E+00
7E+01

NC
4E+00

NC
2E+01
7E+01
3E+02

SE-01
2E+01
1E+01
4E+01
5E-01
5E+00
5E+01

NC
2E+00

NC
2E+01
6E+01
2E-KI2

6E-01
3E+01
2E+01
SE+01
4E-01
8E+00
8E+01

NC
7E+00

NC
3E+01
8E+01
3E+02

6E-01
5E+01
1E+01
4E+01

4E-01
8E+00
7E+01

NC
6E+00

NC
3E+01
6E+01
3E+02

High

7E-02
3E+00
5E+00
1E+01
2E-01
2E+00
3E+01

NC
2E+00

NC
7E+00
3E+01
9E-HU

9E-02
2E-HH)
4E+00
1E+01
IE -01
lE+00
2E+01

NC
7E-01
NC

4E-HJO
2E+01
6E+01

1E-01
1E+00
4E+00
7E+00
2E-01
1E+00
1E-H)1

NC
3E-01
NC

4E+00
1E+01
5E+01

1E-01
3E+00
6E+00
1E401
2E-01
2E400
2E+01

NC
1 E+Oo

NC
5E+00
2E+01
7E+01

1E-01
4E+00
4E+00
8E+00
2E-01
2E400
2E+01

NC
9E-01

NC
SE+00
2E+01
6E-K11
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Table 7-4

Sediment Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for the Richardson Flat Tailings

DRAFT

Station Information

South Diversion Ditch

RF-SD-SD6

South Diversion Ditch

South Diversion Ditch -
Wetland Area

RF-SE-01

Diversion ditch \\-etlands
area

South Diversion Ditch -
Wetland Area

RF-SE-02

Diversion (fitch wetlands
area

South Diversion Ditch -
Wetland Area

RF-SE-03

Diversion ditch wetlands
area

South Diversion Ditcli -
Wetland Area

RF-SE-04

Diversion ditch nvllands
area

Parameter

Aluminum
Anlimonv

Arsenic
Cadmium
Chromium

Copper
Lead

Manganese
Mercurv
Nickel
Sliver
Zinc

TOTAL HI

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Manganese
Mercury
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Manganese
Mercurv
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimonv

Arsenic
Cadmium

Chromium
Copper

Lead
Manganese

Mercurv
Nickel
Silver
Zinc

TOTAL HI

Aluminum
Antimonv

Arsenic
Cadmium

Chromium
Copper

Lead
Manganese

Mercury
Nickel
Silver
Zinc

TOTAL HI

Sediment EPC
(nig/kg)

20.6UO
63
lol
1 8.0
30.0
211

2.280
NA
1.5
NA
14.0

2.940

28,800
99
202
93.1
62.4
725

6,52(1
5060.0

8.2
51.2
41.3

15,200

1 .930
85
1S9
52.S
15. S
1S3

3.010
2200.0

2.7
13.2
10.7

S.I 60

4.530
99
310
64.9
14.9
313

5.220
2330.0

2.4
21.3
16.3

1 1 .200

1 1 ,800
40
189

40.3
25.0
190

2.350
42000.0

1.3
97.2
S.O

5.4DO

Sediment Benchmark
(ing/kg)

Low

13.500
2

9.79
1.0

43.4
31.6
36

631
(US
T> 7

0.73
121

13,500
•}

9.79
1.0

43.4
31.6
36

631
0.18
T) 7

0.73
121

13,5(10
T

9.79
1.0

43.4
31.6
36

631
0.18
22.7
0.73
121

13,500
T

9.79
1.0

43.4
31.6
36

631
0.18
22.7
0.73
121

13.500
T

9.79
1.0

43.4
31.6
36

631
n.18
TT 7

(1.73
121

High

73,160
25
j j
5.0
111
149
12S

4.460
1.06
48.6
J. '

459

73,160
25
j j
5.0
111
149
128

4.460
1.06
4S.6
3.7
459

73,160
25
j j
5.0
1 1 1
149
128

4,460
1.06
4S.6
3.7
459

73,160
25
J.T

5.0
111
149
128

4.46(1
1.06
48.6
j. /
459

73,160
25
j.>
5.0
111
149

128
4.460
1.06
4S.6
j.
459

Sediment HQ

Low

2E+00
3E+01
1E+01
2E+01
7E-01
7E400
6E+01

NC
8E+00

NC
2E+01
2E-H)1
2E+02

2E+00
5E+01
2E401
9E+01
1E+00
2E-H>1

2E+02
8E400
5E-HU
2E+00
6E+01
1E+02
6E+02

1E-01
4E+01
2E+01
5E401

4E-H1
6E+00
8E+01
3E-H)0
2E+01
6E-01
1E+01
7E401

3E+02

3E-01
5E401
3E401
7E401

3E-01
1E+01
1E+02
4E+00
1E+01
9E-01
2E+01
9E+01

4E402

9E-01
2E401
2E401
4E+01

6E-01
6E+00
7E+01
7E+01
7E+00
4E+00
1E+01
4E+01
3E+02

Higli

3E-01
3E+00
3E-HW
4E+00

3E-0 1
1E+00
2E+01

NC
1E+00
NC

4E+00
6E+00

4E+01

4E-01
4E+00
6E+00
2E+01
6E-01
5E+00
5E+01
1E+00
8E+00
1E+00
1E+01
3E+01

1E+02

3E-02
3E+00
6E+00
1E+01
1E-01
lE+00
2E-K)1
5E-01
3E400
3E-01
3E+00
2E+01
7E+01

6E-02
4E+00
9E+00
1E+01
1E-01
2E+00
4E+01
5E-01
2E+00
4E-nl
4E+00
2E+01

1E402

2E-01
2E+00
6E+00
8E+00
2E-01
1E+00
2E+01
9E+00
1E+00
2E+00
2E+00
1E+01
6E+01

NA = Not Available
NC = Not Calculated

HQs in exceedance of the benchmark are shown in boldface type.
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Table 7-5

C adulation of Mean PEC Quotient and the Predicted Incidence of Sediment Toxicity

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

j

Station Information

Silver Creek - upstream

USC-5

Silver Creek above Richardson
Flats; at old north road to site

Silver Creek - upstream

USC-6

Silver Creek below Silver Maple
Claims

Silver Creek - upstream

USC-7

Silver Creek above Silver Maple.
Claims

Silver Creek - downstream

USC-1

Silver Creek below Richardson Flat;
at L'248 rail tressel

Silver Creek - downstream

USC-2

Silver Creek below Richardson Flat;
at U248 culvert

Sou tli Diversion Ditch

RF-SD-SD1

South Diversion Ditch

Sou tli Diversion Ditcli

RF-SD-SD2

South Diversion Ditch

South Diversion Ditch

RF-SD-SD3

South Diversion Ditch

South Diversion Ditch

RF-SD-SD4

South Diversion Ditch

cove

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium

Chromium
Copper

Lead
Mercury

Zinc

Arsenic

Cadmium
Chromium

Copper
Lead

Mercurv
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercurv
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercurv
Zinc

Arsenic
Cadmium

Chromium
Copper

Lead
Mercury

Zinc

Arsenic
Cadmium

Chromium
Copper

Lead
Mercury

Zinc

Arsenic
Cadmium

Cliromium
Copper

Lead

Mercurv
Zinc

Sediment EPC
(mg/kg)

393
65
31

13 SO
11,190

0.5
1 2,270

1735
179.0
15.0
2559

42.990
1.6

44,560

105
2S.O
42.0
652

2,656
O.S

4,619

341
50.0
30.0
766

11.130
0.4

1 1 .-730

271

5S.O
32.0
5SS

6,942
0.3

1 1 .950
156
73.0
18.0
2SO

3,490
1.6

12.000
119

50.0
16.0
200

2,330
O.S

S.7SO
125
35.0
21.0
173

1,880
0.3

6.SOO

205
51.0
1S.O
260

2.S40

1.2
9,140

Sediment

Benchmark
(mg/kg)

33
5.0
111
149
12S
1.06
459
->j
5.0
111
149
12S
1.06
459
j j
5.0
111
149
12S
1 .06
459

JO

5.0
111
149
12S
1.06
459
j j
5.0
111
149
128
1.06
459
u
5.0
111
149
12S
1.06
459
j j
5.0
111
149
12S
1.06
459
JJ1

5.0
111
149
12S
1.06
459
j j
5.0
111
149
12S

1 .06
459

PEC
Quotient

11.9
13.1

0.3
9.3
S7.4

0.5

26.7

52.6
35.9

0.1
17.2
336
1.5

97.1

3.2
5.6
0.4
4.4
20. S
0.8
10.1

10.3
10.0

0.3
5.1

87.0
0.4
25.6

8.2
11.6

0.3
3.9

54.2
0.2

26.0

4.7
14.7

0.2
1.9

27.3
1.5

26.1

3.6
10.0

0.1
1.3

• 1S.2
0.7
19.1

3.S
7.0

il.2
1.2

14.7
0.3
14. S

6.2
10.2

0.2
1.7

22.2

1.1
19.9

Mean PEC
Quotient

21.3

77.2

6.5

19.8

14.9

10.9

7.6

6.0

S.S

Predicted Incidence
of Observed

Sediment Toxkftv

100.0%

10(1.0%

100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

1 00.0° o
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Table 7-5

Caclulation of Mean PEC Quotient aud the Predicted Incidence of Sediment Toxieity

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Sou tli Diversion Ditch

RF-SD-SD5

South Diversion Ditch

South Diversion Ditch

RF-SD-SD6

South Diversion Ditch

South Diversion Ditch - Wetland
Area

RF-SE-01

Diversion ditch wetlands area

South Diversion Ditch - Wetland
Area

RF-SE-02

Diversion ditch wetlands area

South Diversion Ditch -Wetland
Area

RF-SE-03

DMvrwon ditch \vedands area

South Diversion Ditch - Wetland
Area

RF-SE-04

Diversion di[cli \\etlands area

COPC

Arsenic
Cadmium
Cliromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium
Cliromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Zinc

Arsenic
Cadmium
Chromium

Copper
Lead

Mercurv
Zinc

Sediment EPC
(mg/kg)

119
38.0
1 8.0
261

2.660
1.0

7.610
101
18.0
30.0
211

2.2SO
1.5

2.940

202
93.1
62.4
725

6,520
S.2

15.200
1S9
52.S
15. S
1S3

3.010
T 7

S.I 60
310
64.9
14.9
313

5.220
2.4

1 1 .200
1S9

40.3
25.0
190

2,350
1.3

5.400

Sediment

Benchmark
(mg/kg)

.> j
5.0
111
149
12S
1.06
459
j j
5.0
111
149
128
1.06
459
.!.>

5.0
1 1 1
149
128
1.06
459

.!.>

5.0
111
149
12S
1 .06
459
j j
5.0
1 1 1
149
12S
1 .06
459
j j
5.0
1 1 1
149
12S
1.06
459

PEC
Quotient

3.6
7.6
0.2
l.S

20.8
0.9
16.6
3.1
3.6
0.3
1.4

17.8
1.4
6.4
6.1
18.7
0.6
4.9

50.9
7.7

33.1
5.7
10.6
0.1
1.2

23.5
2.5
17.S
9.4
13.0
0.1
2.1

40. S
2.3

24.4

5.7

S.l
0.2
1.3

1S.4
1.2

11. S

Mean PEC
Quotient

7.4

4.9

17.4

s.s

13.2

6.7

Predicted Incidence
of Observed

Sediment Toxicitv

100.0%

100.0%

100.0%

100.0%

100.n%

100.0%

NA = Not Available
NC = Not Calculated

HQs in exceedance of the benchmark are shown in boldface type.
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Table 7-6
Seep* Hazard Quotients (HQs) for Aquatic Receptors

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Site Monitoring Well

MW-01

Monitoring well HI below
main embankment

Hnrdneu 200 (mg/L)

Site Monitoring Well

MW-03

Monitoring well tt3 below
main embankment

H«rdneu 200 (mg/L)

Site Monitoring Well

MW-04

Monitoring well H4 below
main embankment

Hardneu 200 (mg/L)

Site Monitoring Well

MW-OS

Monitoring well ta below

HardneM 200 (mg/L)

Site Monitoring Well

MW-06

Monitoring well 06 below

Hardneu 200 (mg/L)

Background

RT-I

Upstream monilonng well

Hardneu 200 (mg/L)

Parameter

Aluminum
Arsenic

Cadmium

Chromium
Copper
Cvanide

Lead

Mercurv
Selenium

Silver

Zinc
TOTAL HI
Aluminum

Arsenic
Cadmium

Chromram
Copper
Cymiide

Lead
Mercurv

Selenium
Silver

Zinc
TOTAL HI
Aluminum

Arsenic
Cadmium
Chromium

Copper
Cvanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL SI
Aluminum

Arsenic
Cadmium

Chromium
Copper
Cyanide

Lead
Mercurv
Selenium

Silver

Zinc
TOTAL HI
Alunruiuni

Arsenic
Cadmium

Chromiran
Copper
Cvanide

Lead
Mercurv

Sdenram
Silver
Zinc

TOTAL HI
Aluminum

Arsenic
Cadmium

Chromram
Copper
Cvanide

Lead
Mercurv

Sdorimn
Silver
Zinc

TOTAL HI

Groundwater EPC (ug/L)

Total

S0.700
76
42

95
1,583

32

SS
0.3

IS
2

650

NA
NA

NA

NA
10
S

69

2.1

NA
NA

NA

NA
NA
NA

NA
15

11.816
120
0.7

NA
NA

NA

NA
NA
NA

NA
15
37

131
2.2

NA
NA

NA

4.920
349
16

42
190

1,552
142
0.5

15
17

2.790

15,700
4

3

11
30
5

627

0.2

3
-i

136

Dissolved

50
3.6
3.3

7.8
20
NA
92
0.2

15
10

108

NA
NA
NA

NA
NA
NA
49
NA

NA
NA

70

NA
NA
NA

NA
NA
NA
58

NA

NA
NA

200

NA
NA
NA

NA
NA
NA
61
NA

NA
NA

1.900

69
9.0
3.3

7.8
20
NA
37
0.2

15
10

73

191

3.6
3.3

7.8
171

NA
41
0.2

3
10

20

Total Ambient
Water Quality
Criteria (us;L)

Acute

750
340
4

16
27
22
197

1.4

19
13

216

750
340
4

16
27
22
197
1.4

19
13

216

750
340
4

16
27
ti

197

1.4

19
13

216

750
340
4

16
27

22
197

1.4

19
13

216

750
340

4

16
27

22
197

1.4

19
13

216

750
340
4

16
27

22
197
1.4

19
13

216

Chronic

S7
150
0

11
17

5.2

5
0.8

5.0
NA

216

S7
150

0

11
17

5.2
3

o.s
5.0
NA

216

37

150
0

11
17

5.2
5

O.S

5.0
NA

216

87

150
0

11
17

5.2
5

0.8

5.0
NA

216

87

150
0

11
17

5.2
5

O.S

5.0
NA

216

87

150
0

11
17
5.2
5

O.S

s.o
NA

216

Dissolved Ambient
Water Quality
Criteria (ug/L)

Acute

750
340

4

5.1
26
22
136
1.2

18
11

211

750
340

4

5.1
26
22
136
1.2

18
11

211

750
340
4

5.1
26
22
136
1.2

18
11

211

750
340
4

5.1
26
22
136
1.2

18
11

211

750
340
4

S.I
26
22
136
1.2

18
1 1

211

750
340
4

5.1
26
22
136
1.2

IS
11

211

Chronic

87

150
0

9.5
16
5.2
4

0.7

4.6
NA

213

87

150
0

9.5
16

5.2
4

0.7

4.6
NA

213

87
150
0

9.5
16

5.2
4

0.7

4.6
NA

213

87

150
0

9.5
16
5.2
4

0.7

4.6
NA

213

87

150
0

9.5
16

5.2
4

0.7

4.6
NA

213

S7

150
0

9.5
16
5.2
4

0.7

4.6
NA

213

Total HQ

Acute

1E+02
2E-01
1E+01

(SE+oo
6E+01
1B+00
4E-01
2E-01

8B-01
2E-01
3E+00

2E+OI
NC
NC
NC
NC

4E-01
4E-01
4E-01
2E+00

NC
NC
NC

3R+-00
NC
NC
NC
NC

6E-01
5E+02
6E-01
5E-01

NC
NC
NC

5E+02
NC
NC
NC
NC

6E-01
2E+00
7E-01
2EtOO

NC
NC

NC
41+00
7E+00
1E+OO
-IE+00

3E+00
7E+00
7E+01
7E-01
4E-01

8E-01
1E+00

lE+fll
1E+<I2
2E+01
1E-02
SE-01

7B-01
IE+OO
2E-OI
3E+00
1E-01

2E-01
2E-01

6E-01

3E+01

Chronic

9E*02
5E-01
9E+01

°E+00
9E+01
6E-00
2E+01
4E-01

JE+00
NC

3E+00

1E+03
NC
NC
NC

NC
6E-01
2E+00
1E+01
3E+00

NC
NC

NC
2E+01

NC
NC
NC

NC
9E-01
2E+03
2E+01
9E-01

NC
NC

NC
m+03

NC

NC
NC

NC
9E-01
7E+00
2E+01
.3E+00

NC
NC

NC

4K+01
6E+01
2EtOO
JE+01

4K+00
1E+01
3E+02
3E+01
6E-01

3E+00
NC

1K+01
5E+-02
2E+02
2E-02
7E+00

1E-HJO
2E+00
1E+00
1E*02
3E-01

6E-01
NC

6E-01

JK+-02

Dissolved BQ

Acute

7E-02
1E-02
SE-01

2E+00
SE-01

NC
7E-01
2E-01

8E-01
9E-01

5E-01
6K+00

NC
NC
NC

NC
NC
NC

4E-01
NC

NC
NC

3E-01

7E-01
NC
NC
NC

NC
NC
NC

4E-OI
NC

NC
NC

9E-01

1E+00
NC
NC
NC

NC
NC
NC

4E-01
NC

NC
NC

9E+00

9E+00
9E-02
3E-02
SE-01

2E+00
SE-01

NC
3E-01

2E-01

8E-01
9E-01

3E-01
6K+flO
3E-01

IE- 02
SE-01

2E+00
7E<-00

NC
3E-01
2E-01

2E-01
9E-01

1E-01
IK+fll

Chronic

6E-01
2E-02
8E+00

8E-01
1E+00

NC
2E+01
3E-01

3K+00
NC

5E-01
4E+01

NC
NC
NC

NC
NC
NC

lEtOl
NC

NC
NC

3E-01

1E+01
NC
NC

NC

NC
NC
NC

1E+01

NC

NC
NC

9E-O1

ZE-H11
NC
NC
NC

NC
NC
NC

2E+01
NC

NC
NC

9K+00
1E+01
8E-01
6E-02
8E-00

8E-01
1E+00

NC
9E*00
3E-01

3K+00
NC

3E-01

2E+01
2E+00
2E-02
8li 00

8E-01
1E+01

NC
1E+01
3E-01

7E-01
NC

9E-02
3E+01

NA = Not Available
NC = Not Calculated

Concentrations are calculated using 1/2 ihe detection Lumt for noo-detects "U".
I f well-specific hardness is not available, a well hardness of 200 mg/L is assumed.
I f hardness is greater than AWQC upper hardness Inn it, the upper hardness limit is used tc
HQs in exceeianceof the benchmark are shown in boldface type.

*St*p concentrations are estimated using available groundwater data.

calulaleuieAWQC.



Table 7-7
Surface Water Hazard Quotients (HQs) for Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Silver Creek - upstream
492685

SILl'ER CK 4T US40 \1NG
EOF PARK CITY

Silver Creek - upstream
492695

SIL VER CK @ CITY P 4RK
16 PROSPECTOR SQUARE

Silver Creek - upstream
AW

Silver Creek upstream of

Silver Creek - upstream
RF-?

Silver Creek upstream of
confluence with south

diversion ditch

Silver Creek - upstream

RF-7-2

Silver Creek upstream of
confluence with south

diversion ditch

Silver Creek - upstream
RF-SW-01

Silver Creek upstream of
diversion ditch

Parameter

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Surface Water Exposure
Concentration Max (ug/L)

Total

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

590.00
6.44

1480.5
143.01

NA
NA
1350

10.00
4.00
13.00
NA
74.0
0.25
2.50
4.38

96000

13.00
8.00
7.73
2.00
78.0
0.24
4.69
12.58
2100

4.20
3.90
10.00
NA
35.3
0.10
7.50
1.20
1 1 1 0

Dissolved

3.27
3.27
7.79
NA
6.3

0.10
1.84
1.00
1170

2.50
12.00
8.57
NA
5.0

0.10
1.97

1.00
1011

NA
NA
NA
NA
20.0
NA
NA
NA
560

7.00

2.00
4.17
NA
2.5

0.25
2.50
4.38

83000

8.18
6.00
6.46
NA
4.9
0.22
2.31
3.75
2000

NA
NA
NA
NA
NA
NA
NA .
NA
NA

Amphibian Screening
Benchmark (ug/L)

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

Amphibian HQ

8E-0 1
8E-0 1
2E+00

NC
2E+00
1 E+00
2E-01
1E-01
1E+03

1E+03

6E-01
3 E+00
2E+00

NC
1E+00
1E+00
2E-01
1E-01
1E+03

1E+03

NC
NC

1E+02
2E+01
4E+02
1E+03

NC
NC

1E+03

3E+03

3E+00
1 E+00
3E+00

NC
2E+01
3 E+00
3E-01
5E-01
1E+05

1E+05

3E+00
2E+00
2E+00
8E+00
2E+01
2E+00

5E-01
1 E+00
2E+03

2E+03

1 E+00
1E+00
3E+00

NC
9E+00

1 E+00
SE-01
1E-01
1E+03

1E+03

Amphibian SW EPC by station.xls: HQ Summary by station Page 1 of6



Table 7-7
Surface Water Hazard Quotients (HQs) for Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

J

Station Information

Silver Creek - upstream
RF-SW-02

Silver Cr -ck u stream of

Silver Creek - upstream
RF-SW-03

Silver Cre *k u -tream of

Silver Creek - upstream
RF-SW-04

Silver Creek upstream of
diversion ditch

Sflver Creek - upstream
l'SC-3

Silver Creek at Richardson
Flats; upstream of RR

tressel

Silver Creek - upstream
L'SC-5

Silver Creek above
Richardson Flats: at old

north road to site

Sflver Creek - upstream
L'SC-6

Silver Creek belo\\: Silver
Maple Claims

Parameter

Arsenic
Cadmium
Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Surface Water Exposure
Concentration Max (ug/L)

Total

5.20
1.65

10.00
NA
18.8
0.10
7.50
1.20

2080.00

7.30
1.65

10.00
NA

15.00
0.10
7.50
1.20

769.00

7.60
3.50
10.00
NA

36.40
0.10
7.50
1.20

776.00

7.00
3.00
7.00
NA

41.00
NA
2.50
2.50

1 200.00

2.50
6.00
9.00
NA

26.00
NA
2.50
2.50

1900.00

19.00
2.00
6.00
NA

31.00
0.04
2.50
2.50

1400.00

Dissolved

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

7.00
1.00
2.50
NA
2.50
NA
2.50
2.50

1100.00

5.00
1 .00
7.00
NA
2.50
NA
2.50
2.50

2000.00

8.00
2.00
2.50
NA
2.50
0.00
2.50
2.50

1400.00

Amphibian Screening
Benchmark (ug/L)

4.0

4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

Amphibian HQ

1 E+00
4E-01
3 E+00

NC
SE+00
1 E+00
8E-01
1E-01
2E+03
2E+03

2E+00
4E-01
3 E+00

NC
4 E+00
1E+00
8E-01
1E-01

8E+02

8E+02
2E+00
9E-01
3E+00

NC
9E+00
1 E+00
8E-01
1 E-0 1

8E+02
8E+02
2E+00
8E-01
2E+00

NC
1E+01

NC
3E-01
3E-01
1E+03
1E+03

6E-01
2E+00
2E+00

NC
7 E+00

NC
3E-01
3E-01
2E+03
2E+03

5E+00
5E-01
2E+00

NC
8E+00
4E-01
3E-01
3E-01
1E+03
1E+03

Ainphibian_S\V EPC hv stalion.xls: HQ Summary by station Page 2 of 6



Table 7-7
Surface Water Hazard Quotients (lIQs) for Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Silver Creek - upstream
use -7

Silver Creek above Silver
Maple Claims

Silver Creek - downstream

492679

SILVER CREEK WWTP

Silver Creek - downstream

492680

SIL VER CK .4B ATKINSON

Silver Creek - downstream

N6

Silver Creek downstream of
dn°ersion ditch

Silver Creek - downstream

RF-8

Silver Creek downstream of
confluence with south

dhvrsion ditch

Silver Creek - downstream

RF-8-:

Silver Creek downstream of
confluence with south

diversion ditch

Parameter

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper
Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Surface Water Exposure
Concentration Max (ug/L)

Total

2.50

10.00

18.00

NA
27.00

0.05

2.50

2.13

2500.00

8.70

0.50

6.00

5.00

1.50

0.10

0.50

1.00

170.00

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

10.24

2.65

145.34

133.06

NA
NA

901.51

31.00

9.00

10.43

2.00

340.00

0.35

5.00

4.95
1700.00

10.00

3.00

5.00

NA
28.00

0.25

2.50 •

5.00

850.00

Dissolved

5.00

7.00

1 2.00

NA
2.25

0.00

2.50

2.13

2100.00

12.00

0.50

6.00

NA
1.50

0.10

1.20

1.00

330.00

7.60

1.08

6.00

NA
9.81

0.10

1.20

1.00

765.00

NA
NA
NA
NA

25.00

NA
NA
NA

370.00

8.24

2.06

4.12

NA
5.62

0.22

2.36

3.95

1100.00

10.00

2.00

5.00

NA
2.50

0.25

2.50

5.00

850.00

Amphibian Screening
Benchmark (ug/L)

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

Amphibian HQ

6E-01

3E+00

5E+00
NC

7E+00

5E-01

3E-01

2E-0 1

3E+03

3E+03

2E+00

1 E-0 1

2E+00

2E-I-01

4E-01

1 E+00

6E-02

1E-01

2E+02

2E+02

2E+00

3E-01

2E+00

NC
2E+00

1E+00

1E-01

1E-01

8E+02

8E+02

NC
NC

3E+00

1E-HH

4E+01

1E-W3

NC
NC

9E-K)2

2E+03

8E+00

2E+00

3E+00

8E+00
9E+01

3E+00

6E-01

5E-01

2E-HJ3

2E+03

3E+00

8E-01

1 E+00
NC

7E+00

3E+00

3E-01

6E-01

9E-H)2

9E+02

Amphibian_S\V EPC by station.xls: HQ Summary by station Page 3 of 6



Table 7-7
Surface Water Hazard Quotients (HQs) for Amphibians

Screening Ecological Jtisk Assessment for Richardson Flat Tailings

DRAFT

Station Information

Silver Creek - downstream

RF-SW-05

Silver Creek downstream of
diversion ditch

Silver Creek - downstream

RF-SW-06

Silver Creek downstream of
diversion ditch

Silver Creek - downstream

USC-1

Silver Creek below
Richardson Flat: at L24S

rail tressel

Silver Creek - downstream

l'SC-2

Silver Creek below
Richardson Flat: at U248

culvert

South Diversion Ditch

N5

Diversion Ditch

South Diversion Ditch

RF-:

South di\vrsion ditch

Parameter

Arsenic

Cadmium

Copper

Cyanide

Lead
Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Ziiic

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead

Mercury

Selenium

Silver
Zinc

TOTAL HI

Arsenic

Cadmium

Copper

Cyanide

Lead
Mercury

Selenium

Silver
Zinc

TOTAL HI

Surface Water Exposure
Concentration Max (ug/L)

Total

1.20

1.65

10.00

NA
151.00

0.10

7.50

1.20

466.00

12.50

1.65

10.00

NA
33.20

0.10

7.50

NA
321.00

6.00

2.00

1 2.00

NA
5 1 .00

0 . 1 1

2.50

2.50

1100.00

2.50

2.00

2.50

NA
16.00

NA
2.50

7.00

630.00

NA
NA

10.87

NA
44.61

0.20

NA
NA

918.35

5.00

0.50

1 8.00

NA
5.00

0.28

2.25

3.75

94.00

Dissolved

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

6.00

1.83

2.50

NA
2.50

0.00

2.50

2.50

1 000.00

7.00

1.50

2.50

NA
1 2.00

NA
2.50

2.50

710.00

NA
NA
NA
NA
NA
NA
NA
NA
NA

6.00

0.50

16.00

NA
5.00

0.20

2.25

3.75

79.00

Amphibian Screening
Benchmark (ug/L)

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

Amphibian HQ

2E+00

4E-01

3 E+00

NC
4E+01

1 E+00

8E-01

1E-01

5E+02

5E+02

3 E+00

4E-01

3 E+00

NC
8E+00

1 E+00

8E-0 1

NC
3E+02

3E+02

2 E+00

5E-01

3 E+00

NC
1E+01

1 E+00

3E-01

3E-01
1E+03

1E+03

6E-01

5E-01

6E-0 1

NC
4E+00

NC
3E-01

8E-01
6E+02

6E+02

NC
NC

3 E+00

NC
1E+01

2E+00

NC
NC

9E+02

9E+02

1 E+00

1 E-0 1

5E+00

NC
1 E+00

3 E+00

3E-01

4E-01

9E+01

1E+02

Amphibian_S\V EPC by station.xls: HQ Summary by station Page 4 of 6



Table 7-7
Surface Water Hazard Quotients (IIQs) for Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

DRAFT

o

Station Information

South Diversion Ditch
RF-4

South diversion ditch

South Diversion Ditch
RF-5

South diversion ditch

South Diversion Ditch
RF-5-4

South diversion ditch

South Diversion Ditch
RF-6

South diversion ditch

South Diversion Ditch
RF-6-2

South diversion ditch

South Diversion Ditch
USC--I

Richardson Flats diversion
ditch 50'

Site Ponded Water
RF-9

Parameter

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium
Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Sliver
Zinc

TOTAL HI
Arsenic

Cadmium
Copper

Surface Water Exposure
Concentration Max (ug/L)

Total

8.00
2.00
17.00
NA
2.50
0.35
2.17
3.33

2700.00

6.00
1 .00

1 2. 1 3
NA
9.00
0.26
0.00
9.86

900.00

8.00
2.00
18.00
NA
2.50
0.24
2.00
2.50

2600.00

6.00
2.02
5.00
2.00

48.00
0.23
-? T^

4.50
850.00

750.00
0.00
9.97
NA

16.00
0.32
5.87
4.80

310.00

6.00
1.83
6.00
NA

11.00
0.00
2.50
2.50

110.00

10.00
0.50
5.00

Dissolved

8.00
0.50
1 1 .23
NA
3.61
0.20
2.17
3.33

2600.00

5.00
0.50
9.1 1
NA
2.50
0.22
2.20
3.64

860.00

7.00
0.50
17.00
NA
2.50
0.22
2.00
2.50

2500.00

6.00
1.69
5.00
NA
2.50
0.25
2.61
4.44

850.00

3.86
0.64
6.88
NA
3.65
0.00
2.09
3.41

150.00

2.50
1.83
2.50
NA
2.50
0.00
2.50
2.50

100.00

10.00
0.50
5.00

Amphibian Screening
Benchmark (ug/L)

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0 . 1 -
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0

Amphibian HQ

2E-KIO
5E-01
4E+00

NC
6E-01
3E+00
2E-0 1
4E-01
3E+03
3E+03

2E+00
3E-01
3E+00

NC
2E-HM)
3E+00
4E-04
1E+00
9E+02
9E+02
2E+00
5E-01
5E+00

NC
6E-01
2E+00
2E-01
3E-01
3E+03
3E-H>3

2E-HH)
5E-01
1E-HK)
8E+00
1E+01
2E+00
4E-01
5E-01
9E+02
9E-HJ2

2E+02
5E-04
2E+00

NC
4E+00
3E-M10
7E-0 1 •
5E-01
3E+02
5E-HI2

2E+00
5E-01
2E+00

NC
3E+00
2E-02
3E-01
3E-01
1E-H12
1E+02
3E+00
1E-01
1 E+00

Amphibian_SW EPO by station.xls: HQ Summary by station Page 5 of6
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Table 7-8 Summary of Species Toxicity Values for Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

Species

Leopard frog (Rana pipiens )

Leopard frog (Rana pipiens )

Nairow-mouthed toad (Gastrophryne carolinensis)

Marbled salamander (Ambystoma spacum )

African clawed toad (Xenopus laevis)

American toad (Bufo americamts)

Fowler's toad (Bufo fowleri)

Southern gray tree frog (ffyla chrysoscelis)

Endpoint Type

Death

EC50 (death &
deformity)

EC50 (death &
deformity)

EC50 (death &
deformity)

LC50

Avoidance
threshold

EC50 (death &
deformity)

EC50 (death &
deformity)

Exposure
Duration

30 days

8 days

7 days

8 days

48hrs

SOmin

7 min

7 min

Arsenic

na

na

40

4450

na

na

na

na

Copper

na

50

21

111

na

100

26,960

40

Lead

100

na

17

1,479

na

na

na

na

Mercury*

na

7

1

108

74

na

66

2

Zinc

na

na

6

2,400

34,500

na

na

na

All concentrations are total recoverable and units are in ug/L.
All values are based on data given in EPA 1985 b-e, 1987, 1996.
* For mercury, additional toxicity endpoints are presented in Figure 7-8d.

All hardness dependant values are adjusted to a hardness of 100 mg/L.
na = Not Available

RFT Tox data-amphib.xls: All amphib
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Table 7-9
Seep* Hazard Quotients (HQs) for Amphibians

Screening Ecological Risk Assessment for Richardson Flat Tailings

Station Information

Site Monitoring Well

Mtt'-Ol

main embankment

Site Monitoring Well

MW-II3

Monitoring well #3 below
main embankment

Site Monitoring Well

MW-04

Monitoring well #4 below
main embankment

Site Monitoring Well

MW-U5

Monitoring well #5 below
main embankment

Site Monitoring WeU

MIY-Ofi

Monitoring well b6 below
main embankment

Background

RT-I

Upstream monitoring well

Parameter

Arsenic
Cadmium

Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI
Arsenic

Cadmium
Copper
Cyanide

Lead
Mercury

Selenium
Silver
Zinc

TOTAL HI
Arsenic

Cadmium
Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI
.Arsenic

Cadmium
Copper
Cyanide

Lead
Mercury
Selenium

Silver
Zinc

TOTAL HI
Arsenic

Cadmium
Copper
Cyanide

Lead
Mercurv
Selenium

Silver
Zinc

TOTAL HI
Arsenic

Cadmium
Copper
Cvanide

Lead
Mercurv

Selenium
Silver
Zinc

TOTAL HI

Groundwater Exposure
Concentration Max (ug/L)

Total

76
42

1,583
32
88
0.3
15
2

650

NA
NA
10
8

69
2.1
NA

NA
NA

NA
NA

15
11.816

120
0.7
NA
NA

NA

NA

NA

15

37

131
2.2

NA

NA

NA

349
16

190
1,552
142
0.5
15
17

2,790

4
3

30
5

627
0.2
3
2

136

Dissolved

3.6
3.3
20

NA
92
0.2
15
10

108

NA

NA

NA

NA

49

NA

NA

NA

70

NA

NA

NA

NA

58
NA

NA

NA

200

NA
NA

NA

NA

61

NA

NA

NA

1.900

9.0
3.3
20
NA

37

0.2

15

10
73

3.6

3.3
171

NA

41

0.2
3
10
20

Amphibian
Screening

Benchmark (ug/L)

4.0

4.0

4.0

0.3

4.0

0.1

9.0

9.0

1.0

4.0

4.0

4.0

0.3

4.0

0.1

9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0

1.0

4.0

4.0

4.0

0.3

4.0

O . I

9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

4.0
4.0
4.0
0.3
4.0
0.1
9.0
9.0
1.0

Amphibian HQ

2E+01
1E+01
4E+02
1E+02
2E+01
3E+00
2E+00
3E-01
7E+02
1E+03

NC
NC

3E+00
3E+01
2E+01
2E+01

NC
NC

7E+OI
1E+02

NC
NC

4E+00
5E+04
3E+01
7E+00

NC

NC

2E+02
5E+04

NC
NC

4E+00
1E+02
3E+01
2E+01

NC
NC

2E+03
2E+03
9E+01
4E+00
5E+01
6E+03
4E+01
5E+00
2E+00
2E+00
3E+03
9E+03
9E-01
8E-OI
8E+00
2E+01
2E+02
2E+00
3E-01
3E-OI
1E+02
3E+02

NA = Not Available
NC = Not Calculated

Concentrations are calculated using 1/2 the detection limit for non-detects "U".
If well-specific hardness is not available, a well hardness of 200 mg/L is assumed.
If hardness is greater than AWQC upper hardness l imit , the upper hardness l imi t is used to calulale ihe AWQC.
HQs in exceedance of the benchmark are shown in boldface type.

*Seep concentrations are estimated using available groundwater data.

Amphibian
2J15/2002

ieep EPC by station xls HQ Sur



Table 7-10

SeepWater* Hazard Quotients (HQs) for Plants

Screening Ecological Risk .Assessment for Richardson Hat Tailings

J

Station Information

Site Monitoring Well

MW-01

Monitoring \\etl ft/ belo\\
main embankment

Site Monitoring Well

MW-03

Monitoring well #3 belo\v
main embankment

Site Monitoring Well

MW-04

Monitoring well #4 below
main embankment

Site Monitoring Well

MW-05

Monitoring well rr5 below
main embankment

Site Monitoring Well

MW-06

Monitoring well flrt below
main embankment

Site Monitoring Well

RT-1

Upstream monitoring we/I

Parameter

Aluminum

Arsenic
Beryllium
Cadmium

Chromium
Cobalt
Copper

Lead
Manganese

Mercury
Selenium

Zinc
TOTAL HI

Aluminum

Arsenic
Beryllium
Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercurv
Selenium

Zinc

TOTAL HI

Aluminum
Arsenic

Beryllium
Cadmium

Chromium
Cobalt
Copper

Lead
Manganese

Mercurv
Selenium

Zinc
TOTAL HI

Aluminum
Arsenic

Beryllium
Cadmium

Chromium
Cobalt
Copper

Lead
Manganese

Mercurv
Selenium

Zinc
TOTAL HI

Aluminum

Arsenic
Beryllium
Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercurv
Selenium

Zinc

TOTAL HI
Aluminum

Arsenic
Beryllium
Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercurv
Selenium

Zinc
TOTAL HI

Groundwater EPC (ug/L)

Total

80,700

76
3

42
95
46

1,583
88
590
0
15

650

NA
NA
NA
NA
NA
NA
10
69

3,967
2

NA
NA

NA
NA
NA
NA
NA
NA
15

120
12,000

1
NA
NA

NA
NA
NA
NA
NA
NA
15

131
16,000

2
NA
NA

4,920

349
3
16
42
80
190
142

3,716
1

15
2.790

15,700
4
1
J

I I
1 1
30

627
162
0
j

136

Dissolved

49.6
3.6
1.8
3.3
7.8
10.0
20
92

33,000
0.2
15

108

NA
NA
NA
NA
NA
NA
NA
49

7,536
NA
NA
70

NA
NA
NA
NA
NA
NA
NA
58

6,797
NA
NA
200

NA
NA
NA
NA
NA
NA
NA
61

13.368
NA
NA

1 ,900

68.5
9.0
3.7
} 3

7.8
670
20
37

4.246
0.2
15
73

191.0
3.6
0.9
j..^
7.8
6.0
171
41
20
0.2
3

20

Plant Screening
Benchmark Tor
Solutions (ug/L)

300
1

500
100
50
60
60
20

4.000
5

700
400

300
1

500
100
50
60
60
20

4,000
5

700
400

300
1

500
100
50
60
60
20

4.000
5

700
400

300
1

500
100
50
60
60
20

4,000
5

700
400

300
1

500
100
50
60
60
20

4,000
5

700
400

300
1

500
100
50
60
60
20

4.000
3

700

400

Plant HQ

3E+02

8E+01
7E-03
4E-01
2E+00
8E-01
3E+01
4E+00
1E-01
5E-02
2E-02
2E+00
4E+02

NC
NC
NC
NC
NC
NC

2E-01
3E+00
1E+00
4E-OI

NC
2E-OI

5E+00
NC
NC
NC
NC
NC
NC

3E-01
6E+00
3E+00
IE-01
NC

5E-01
1E+01

NC
NC
NC
NC
NC
NC

3E-OI
7E+00
4E+flO
4E-OI

NC
SE+00
2E+-01

2E+01
3E+02
1E-02
2E-01
8E-01
IE+00
3E+00
7E+00
9E-01
IE-01
2E-02
7E+00
4E+02
5E+01

4E+00
3E-03
3E-02

2E-01
2E-01
5E-01
3E+01
4E-02
4E-02
4E-03
3E-01
9E-H)]

NA = Not Available
NC = Not Calculated

Concentrations are calculaied using 1 2 the detection l imi t for non-detects "U"
HQs in exceedanceot'the benchmark are shown in boldface rype.

*Seep concentrations are estimated using available ground water data.

Plant Risk_Seep rev xls: HQ Summary by Station
2/15/2002
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Table 7-11
Summary of Screening Level Ecological Risk Assessment Results

Screening Ecological Risk Assessment for Richardson Flat Tailings

Exposure
Medium

Surface
Water

Seeps

Seeps

Sediment

Receptor

Aquatic
Receptors

Amphibians

Avian Wildl ife

Mammalian
Wild l i fe

Aquatic
Receptors

Amphibians

Plants

Avian Wildlife

Mammalian
Wildl i fe

Benthic
Invertebrates

Exposure
Pathway

Direct Contact

Direct Contact

Ingestion

Ingestion

Direct Contact

Direct Contact

Direct Contact

Ingestion

Ingestion

Direct Contact

Exposure Unit with Risks

Silver Creek upstream >
Silver Creek downstream >
South Diversion Ditch

Silver Creek upstream >
Silver Creek downstream >
South Diversion Ditch >
Unnamed drainage >
ponded water. Wetlands
unknown.

None

Silver Creek Upstream

Groundwater at main
embankment > upgradient
groundwater

Groundwater at main
embankment > upgradient
groundwater
Groundwater at main
embankment > upgradient
groundwater

None

Upgradient groundwater

Silver Creek upstream >
Silver Creek downstream >
South Diversion Ditch >
Wetlands

COPCs

Aluminum, arsenic, cadmium,
chromium, copper, lead,
mercury, selenium and zinc

Arsenic, cadmium, copper,
cyanide, lead, mercury and zinc

None

Lead

Aluminum, arsenic, cadmium,
chromium, copper, cyanide,
lead, mercury, selenium and
zinc

Arsenic, cadmium, copper,
cyanide, lead, mercury,
selenium, and zinc
Aluminum, arsenic, chromium,
copper, lead, manganese, and
zinc

None

Lead

Aluminum, antimony, arsenic,
cadmium, chromium, copper,
lead, manganese, mercury,
nickel, silver, zinc

Range of HQ or HI Values

HQ < 1 to 200 (Total Acute)
HQ < 1 to 500 (Total Chronic)
HQ < 1 to 200 (Dissolved Acute)
HQ <1 to 400 (Dissolved Chronic)

HQ <! to 100,000

All HI <1 (NOAEL)
All HI <1 (LOAEL)

<1 to 4 HI (NOAEL)
All HI <1 (LOAEL)

HQ < 1 to 500 (Total Acute)
HQ < 1 to 2,000 (Total Chronic)
HQ < 1 to 9 (Dissolved Acute)
HQ < 1 to 20 (Dissolved Chronic)

HQ < 1 to 50,000

HQ <1 to 300

All HI <1 (NOAEL)
All HI <1 (LOAEL)
HI < 1 to 3 (NOAEL)
All HI <1 (LOAEL)

HQ < 1 to 700 (Low Benchmark)
HQ < 1 to 300 (High Benchmark)

Further Evaluation
(Yes/No)

Yes for South
Diversion Ditch and

Wetlands

Yes for South
Diversion Ditch and

Wetlands

No

No

Yes

Yes

Yes

No

No

Yes for South
Diversion Ditch and

Wetlands

Table 7- 11 SERA summary.wpd Page 1 of 3
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Table 7-11
Summary of Screening Level Ecological Risk Assessment Results

Screening Ecological Risk Assessment for Richardson Flat Tailings

Exposure
Medium

Soil

Food
Chain
Items

Food
Chain
Items

Receptor

Avian Wildl ife

Mammalian
Wild l i fe

Plants

Soil Fauna

Avian Wildl ife

Mammalian
Wildlife

Avian &
Mammalian
Piscivores

Avian Aquatic
Insectivores

Avian &
Mammalian
Herbivores

Exposure
Pathway

Incidental
Ingestion

Incidental
Ingestion

Direct Contact

Direct Contact

Incidental
Ingestion

Incidental
Ingestion

Ingestion of
Fish

Ingestion of
Benthic
Invertebrates

Ingestion of
Plants

Exposure Unit with Risks

Silver Creek Upstream
>Silver Creek Downstream
> 'Wetlands area > South
Diversion Ditch

Silver Creek Upstream
>Silver Creek Downstream
= Wetlands area > South
Diversion Ditch

Tailings > Off-
Impoundment > On-
impoundment > background
Tailings > Off-
Impoundment > On-
impoundment > background

Tailings > On-
Impoundment > Off-
impoundment > background

Tailings > On-
Impoundment > Off-
impoundment > background
Silver Creek upstream >
Silver Creek downstream >
South Diversion Ditch >
Wetlands
Silver Creek upstream >
Silver Creek downstream >
South Diversion Ditch >
Wetlands
Tailings > Off-
Impoundment soils > On-
impoundment soils >
Background

COPCs

Aluminum, arsenic, cadmium,
lead, zinc

Aluminum, antimony, arsenic,
lead, and thal l ium

Aluminum, antimony, arsenic,
cadmium, chromium copper,
lead, selenium, silver, zinc
Aluminum, arsenic, cadmium,
chromium copper, lead,
mercury, selenium, zinc
Aluminum, arsenic, barium,
chromium, cadmium, copper,
lead, mercury, selenium, and
zinc
Aluminum, antimony, arsenic,
barium, cadmium, lead,
selenium, and zinc

Aluminum, antimony,
arsenic, cadmium, lead,
selenium, and zinc

Cadmium, lead and zinc

Lead, selenium, and zinc

Range of HQ or HI Values

H I = 10to80(NOAEL)
HI = 3 to 40 (LOAEL)

HI = 30 to lOO(NOAEL)
HI = 5 to 50 (LOAEL)

HQ < 1 to 500 (Low Benchmark)
HQ < 1 to 60 (High Benchmark)

HQ < 1 to 200 (Low Benchmark)
HQ <1 to 5 (High Benchmark)

HI <1 to200(NOAEL)
HI <1 to 70 (LOAEL)

HI <l to 8,000 (NOAEL)
HI <l to 3,000 (LOAEL)

His = 4,000 to 50,000 (NOAEL)
H I s = 1,000 to 20,000 (LOAEL)

His = 2,000 to 6,000 (NOAEL)
His = 200 to 1,000 (LOAEL)

HI <1 to 40 (NOAEL)
HI <1 to 20 (LOAEL)

Further Evaluation
(Yes/No)

Yes for Wetlands
Area and South
Diversion Ditch

Yes for Wetlands
Area and South
Diversion Ditch

Yes

Yes

Yes

Yes

Yes for wetland and
south diversion ditch

Yes for wetland and
south diversion ditch

Yes

Table 7- 11 SERA summary.wpd Page 2 of 3
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Table 7-11
Summary of Screening Level Ecological Risk Assessment Results

Screening Ecological Risk Assessment for Richardson Flat Tailings

Exposure
Medium

Receptor

Avian &
Mammalian
Terrestrial
Insectivores

Avian &
Mammalian
Carnivores

Exposure
Pathway

Ingestion of
Terrestrial
Invertebrates

Ingestion of
Small
Mammals

Exposure Unit with Risks

Tailings > Off-
Impoundment soils > On-
impoundment soils >
Background

Tailings > Off-
Impoundment soils > On-
impoundment soils >
Background

COPCs

Arsenic, cadmium, copper, lead,
mercury, selenium, and zinc

Cadmium, lead, and selenium

Range of HQ or HI Values

Hl= 100 to 20,000 (NOAEL)
HI = 30 to 6,000 (LOAEL)

HI = 3 to 200 (NOAEL)
HI <1 to 20 (LOAEL)

Further Evaluation
(Yes/No)

Yes

Yes

Table 7- 11 SERA summary.wpd Page 3 of 3
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Table 8-1
Principle Sources of Uncertainty

Screening Level Ecological Risk Assessment for the Richardson Flats Tailings Site

Source of Uncertainty Direction of _ .
Effect Explanahon

Problem feaauta&nt
Use of specific wildlife species
as representative species

Omission of reptiles as
representative species

Omission of food web pathways

Limited number of pathways

Unknown The specific species selected may not be truly representative for all species within the
RFT Site. The species chosen were selected to represent general trophic levels and
feeding strategies.

Unknown Toxicity information for quantitative evaluation of risks for reptiles associated with
ingestton of and direct contact with COPCs could not be identified and specific
representative species were not selected. The sensitivity of these organisms relative to
birds, mammals, and amphibians is unknown.

Underestimate The food web pathways for benthic invertebrate and fish ingestion could not be evaluated
as prey tissue data is not available and could not be estimated. The lack of prey data
results in underestimation of risks.

Underestimate Not all possible exposure pathways are evaluated in the SERA. Omission of some
pathways may underestimate exposures and risks.

::••'. .•; . . . . •.•.•« ..iy.. .•• ;.;•.. : • ;•;• .-• •• ..: 'Mig^imiiMi^mttft

Use of UCL95 concentrations as
exposure point concentrations

Exposure model parameters for
wildlife receptors

Metal bioavailability

Habitat utilization by wildlife

Calculation of average daily
doses for wildlife species

Unknown The UCL95 concentrations of COPCs ate used as exposure point consentrations for
wildlife receptors. These concentrations are assumed to be uniform across the Site area.
Actual exposures on a location-by-location basis may be lower or higher.

Unknown Exposure assumptions for wildlife are based on literature reported information. Some
assumptions are based on data for laboratory test organisms. The true factors could be
higher or lower. Actual diet compositions of wild organisms vary depending on feeding
preferences and prey availability.

Overestimate Absorption efficiency for all COCs for wildlife doses via ingestion of sediments are
assumed to be 100% Absorption efficiency for most metals are typically less than 100%.

Overestimate Wildlife are assumed to use all sampling locations in constant proportion to the total
foraging area. Animals are most likely habitat selective.

Overestimate The bioavailability of chemicals in prey is assumed to be equivalent to the bioavailability
of the COC in laboratory test media. This assumption is conservative as laboratory
testing purposely includes doses required to ensure maximum uptake of chemicals.

jEj^tt?ftf Af$£$$ttMnt

Use of non site-specific
screening benchmarks

Absence of toxicity benchmarks

Antagonistic, synergistic, and
additive effects of chemical
mixtures

Unknown Screening level benchmarks were identified for literature studies. The actual site-specific
toxicity of COPCs may be liigher or lower.

Underestimate Toxicity benchmarks could not be identified for all COPCs. Wildlife TRVs could not be
derived for all COCs for ail receptors, therefore risks may be underestimated for these
COPCs.

Unknown Effects associated with exposures to multiple chemicals are unknown. For screening
purposes additivity is assumed for wildlife.

tti&Mittfifterizaiiott

Risks to wildlife populations

Risks to reptiles

Overestimate The risks to wildlife (hazard quotients) represent risks for individuals. Natural
populations are resilient and the death or impairment of a few individuals may not
tlireaten the integrity of the population.

Unknown The risk assessment assumes that protection of birds, mammala and amphibians will
protect reptiles as well. Currently, it is not possible to assess the relative sensitivity and
the validity of this assumption.

Table 3-1 Uncertainty Sources.xls: SERA Uncertainty
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Table 9-1
Summary of Data Gaps for Ecological Risk Assessment

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings
Exposure Area Data Type Data Gaps Data Collection

Analytical
Data

Wetland Area
and

Embankment

Biological
Data

Surface water data from wetlands area is not available.
Extent of contamination in surface water is unknown.

Collect surface water samples from wetland area and analyze
for target analyte list (TAL) metals. Also collect information
on water quality.

Sediment data from the wetland area is limited to four
samples collected by E&E in 1993 (Table 3-9)

Collect additional sediment samples for analyses of TAL
metals to better understand current extent of contamination
after recent site activities.

Complete concurrent analyses of pore water concentrations of
metals in sediments.

Seep water data from the main embankment area is not
available. Risks in the SERA are estimated from
groundwater data.

Collect seep samples and analyze for TAL metals as well as
locate and identify location and extent of seeps along
embankment.

Information on the type of wetland extent of possible
habitat is unknown.

Use of the wetland area by wildlife and aquatic
receptors is unknown.

Collect information on the extent and nature of the wetlands
habitat present. This would include qualitative information on
vegetative cover that would be used to identify possible use
by wildlife and aquatic receptors.

Complete a qualitative sampling of the wetlands area
(concurrently with surface water, sediment and sediment pore
water samples) to identify presence absence of
macroinvertebrates. Species will be identified to lowest
taxonomic level possible.

Page 1
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Table 9-1
Summary of Data Gaps for Ecological Risk Assessment

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings
Exposure Area Data Type Data Gaps Data Collection

Toxicological
Data

The SERA predicts that surface water, seep water and
sediments of the wetland area are toxic to aquatic
receptors however site-specific toxicity is unknown.

Consider toxicity testing of seep water, sediment, and/or
sediment pore water in consideration of habitat information
obtained and site-specific needs to reduce the conservative
screening estimates of the SERA.

Testing should be completed concurrently with sampling and
analyses for analytical parameters and biological sampling.

Wetlands and
Embankment Biological

Tissue Data

The SERA predicts risks for wildlife species
consuming, benthic invertebrates and fish from the
wetlands area. The site-specific metals concentrations
in food items is unknown.

Collect benthic organisms and fish (if present) from wetlands
are for tissue analyses of TAL metals. Samples should be
collected concurrently with other environmental media
samples.

South Diversion
Ditch

Analytical
Data

Current sampling of the sediments of the South
Diversion ditch is adequate for establishing extent of
contamination. It may however be necessary to collect
further samples for analyses concurrently with any
toxicity testing, benthic invertebrate sampling, or
biological tissue sampling.

Collect concurrent analyses metals with any sediment,
sediment pore water, benthic invertebrate community survey
and/or biological tissue sampling.

Sampling and analyses of TAL metals in sediment pore water
may be useful in understanding the bioavailability and
potential toxicity of metals measured in bulk sediment
samples

South Diversion
Ditch

Biological
Data

Information on the type of habitat is unknown.
Potential use of the diversion ditch area by wildlife and
aquatic receptors is unknown.

Collect information on the extent and nature of the habitat
present. This would include qualitative information on
vegetative cover that would be used to identify possible use
by wildlife and aquatic receptors.

Complete a qualitative sampling of the diversion ditch
(concurrently with sediment and sediment pore water
samples) to identify presence absence of macroinvertebrates.
Species will be identified to lowest taxonomic level possible.

Page 2 of
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Table 9-1
Summary of Data Gaps for Ecological Risk Assessment

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings
Exposure Area

South Diversion
Ditch

South Diversion
Ditch

On and Off-Site
Impoundment

Soils

Data Type

Toxicological
Data

Biological
Tissue Data

Analytical
Data

Other Data

Biological
Data

Toxicological
Data

Biological
Tissue Data

Data Gaps

The SERA predicts that surface water and sediments of
the South Diversion ditch toxic to aquatic receptors
however site-specific toxicity is unknown.

The SERA predicts risks for wildlife species
consuming, benthic invertebrates and fish from the
South Diversion Ditch. The site-specific metals
concentrations in food items is unknown.
Current sampling of the soils on and off the main
impoundment have been analyzed for an inconsistent
set of analyses.

Potential risks are associated with the depth and extent
of soil cover.

Information on the type of habitat is unknown.
Potential use of the on and off impoundment soils areas
area by wildlife is unknown.

The SERA predicts that on and off impoundment soils
are potentially toxic to plants and soil invertebrates
however site-specific toxicity is unknown.

The SERA predicts risks for wildlife species
consuming, plants, soil invertebrates and small
mammals. The site-specific metals concentrations in
food items is unknown.

Data Collection
Consider toxicity testing of sediment, and/or sediment pore
water in consideration of habitat information obtained and
site-specific needs to reduce the conservative screening
estimates of the SERA.

Concurrent samples of media should be analyzed for TAL
metals with analyses coordinated with any biological
sampling or sampling of biological tissue.
Collect benthic organisms and fish (if present) for tissue
analyses of TAL metals. Sediment and/or sediment pore water
samples should be collected concurrently and analyzed for
TAL metals.
Analyze future monitoring samples for TAL list. Analyze
samples collected for concurrent analyses of tissues for TAL
list.
Map extent of soil cover off and on the main impoundment.
Evaluate risks in the ERA considering the depth of soil cover
in relation to the types of plant cover present and root zone for
such.

Map and characterize the type of vegetative cover.
Characterize habitat and identify possible wildlife receptors.

Consider toxicity testing of soils with earthworms and/or
plants in consideration of vegetation and soil cover
information obtained and site-specific needs to reduce the
conservative screening estimates of the SERA.

Testing should be completed concurrently with sampling and
analyses for analytical parameters and biological sampling.

Collect plants and soil invertebrates for tissue analyses of
TAL metals. Soil samples should be collected concurrently
and analyzed for TAL metals.

Page 3 of



APPENDICES



-DRAFT-
Richardson Flat Tailings Site

Screening Ecological Risk Assessment

APPENDIX A

RAW DATA SUMMARY

**electronic data will be provided upon request**



-DRAFT-
Richardson Flat Tailings Site

Screening Ecological Risk Assessment

APPENDIX B

WILDLIFE EXPOSURE FACTORS

J



DRAFT

Red Fox
Vulpes vulpes

Parameter
Habitat

Jody Weight
(kg wet weight)

Food Ingcstion Rate
(kg wet weight/day)

Water Ingestion Rate

(LVday)

Soil Ingeition Rate
(kg diy weight/day)

Dietary Composition

(traction wet volume)

Home Range Size
(ha)

Seasonal Use

Symbol

BW

IRfood

N^vatc,

iR~i

df

HR

Reported Values
Habitats are diverse. Red fox prefer areas with broken and diverse
ipland habitats. They are rare in pine forests, rnoist conifer forests and
seiniarid grasslands and deserts.

5.25 - Mean - adult males in spring - Illinois
4.13 - Mean - adult females in spring - Illinois
4.82 - Mean - adult males in fall - Iowa
3.94 - Mean - adult females in fall - Iowa
2.95 to 7.04 - Range of means

0.069 g/g-day (wet weight) - Mean - nonbreeding adults - North Dakota -
captive

= 0.31 kg/day (based on BW of 4.54 kg)

Species-specific values are not available.
Can be estimated based on the following equation:

Il^,a,e,.=0.099*B-W°-90

Ingestion of soil (IsoJ) as percentage of food intake (kg sediment dry
weight/kg food diy weight) is reported at 2.8%. Ist.d equal to 0.028.

The red fox feeds on both plants and animals with most of its diet
composed of small mammals, birds, insects and fruit.

1,61 1 - Mean -adult both sexes - British Columbia
1,967 - Mean - adult male - British Columbia
1,137 - Mean - adult female - British Columbia
699 - Mean - adult female - spring - Minnesota
7 17 - Mean - adult male - Wisconsin
96 - Mean - adult female - Wisconsin

References
USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

Beyer, 1994

USEPA, 1993

USEPA, 1993

Values Identified for ERA

Mean of reported means:
4.54

Reported value used:

0.31

Estimated from equation:
0.39

IR^ = IRfoo(1*0.27*I.oil. Where 0.27 (kg food diy
weight /kg food wet weight) = wet weight to diy
weight conversion factor for food assuming 27%
diy matter in food:

0.0023
Fraction fish= dfmmma,s = 0.90

Fraction plants = dfpiml = 0.1

27% solids in diet based on weighted average.
Mean of reported values:

1,038

Exposure Factors.xls: Red Fox
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Masked Shrew
Sorex cinereits

Parameter
Habitat

Body Weight
(kg wet weight)

Food Ingestion Rate

kg wet weight/day)
Water Ingestion Rate

(L/day)

Soil Ingestion Rate
(kg dry weight/day)

Dietary Composition
(fraction wet volume)

Home Range Size

(ha)
Seasonal Use

Symbol

BW

IRfood

IRW.1<T

iRSon

df

HR

Reported Values
Masked shrews are the most common shrews in moist forests, open
country, and brush of the northern United States. High-metabolic rates
•equire cool, moist areas.

2.4-7.8 g (mean of range = 5.1g)
4-7g (mean of range = 5. 5g)

0.00795 - Mean - adults both sexes - Ohio laboratory

0.62 g/g- day = 0.01 kg/d = Mean - adults both sexes - Ohio lab

Can be estimated based on the following equation:

IRwate, .=0.099*BW°-9°
Ingestion of soil (IsoU) as percentage of food intake (kg soil dry
weight/kg food dry weight) is reported at 13%. Value reported for
short-tail shrew.

The masked shrew is primarily feeds on insects with beetles, flies, and
ants comprising most of their diet. They also consume small
vertebrates, such as salamanders, and some vegetation.

0.39 - Mean - both sexes - Manitoba bog

References
Zeveloff, 1988

Whitaker, 1980
Burt&

Grossenheider,
1976

USEPA, 1993*

USEPA, 1993d

Tahnage &
Walton, 1993

Zeveloff, 1988

USEPA, 1993"

Values Identified for ERA

Mean of reported means:
0.0053

Mean of mean values:

0.0090

Reported mean selected:
0.00089

IRSoii = IRfood*0.32*Isoil. Where 0.32 (kg food diy
weight /kg food wet weight) = wet weight to diy
weight conversion factor for food assuming 32%
diy matter in food:

0.00037

Fraction soil invertebrates = dsoMinverts = 0.32
Fraction terr invertebrates = dfterrinverts = 0.53
Fraction plants = dfplant = 0.15
32% solids hi diet based on weighted average.

0.39

a uses values established for the short-tailed shrew

Exposure Factors.xls: Masked Shrew
2/7/2002 Page 2 of 9
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Deer Mouse
Peromyscus maniculatus

Parameter
Habitat

Body Weight
(kg wet weight)

Tood Ingestion Rate

(kg wet weight/day)

Water Ingcstion Rate

(L/day)

Soil Iiigcsriou Rate
(kg diy weight/day)

Dietary Composition
i fraction wet volume)

Home Range Size
(lia)

Seasonal Use

Symbol

BW

IRfood

IR».,er

IR,o,l

df

HR

Reported Values
~)eer mice inhabit al types of dry-land type habitats including short-grass prairies,

grass-sage-commrmilies, coastal sage sciub, sand dunes, wet prairies, upland mixed
and cedar forests, and deciduous forests.

0.022 - Mean - adult males - North America
0.020 - Mean - adult females - North America
0.0157 - Mean - adult males
0.0 148 - Mean - adult females
0.0223 - Mean - adult males
).021 1 - Mean - adult females
0.0196 - Mean - both sexes - New Hampshire
0. 1 9 g/g-day(wet weight) - Mean - adult females - Canada
0. 1 8 g/g-day (wet weight) - Mean - adult females - Canada
0.45 g/g-day - Mean - lactatiug females - Canada
0.38 g/g-day - Mean - Isolating females - Canada

0.19 g/g-day- Mean - nonbreeding females - Virginia lab

0.22 g/g-day - Mean - uonbreeding males - Virginia lab

0.19 g/g-day - Mean -adults - Illinois lab

Can be estimated based on the following equation:

IRwalcl. =0.099*BW°-90

Ingeslion of soil (I50ij) as percentage of food intake (kg soil dry weight/kg food dry
weight) is not available for the deer mouse. Beyer reports <2% for the white-footed
mouse. It is assumed that the deer mouse is similar' due to a similar diet. I,oi| is
assumed to equal 0.02 or 2% of food intake.

Deer mice are omnivorous and opportunistic. They eat primarily seeds, arthropods,
some green vegetation , roots, fruits and fungi.

In Colorado short grass prairie the reported diet contains: 43% seeds, 5.4% forbs,
3.6% grasses and sedges, 2. 1% shrubs, 13% beetles, 4.9% leaflioppers, 9.4%
lepidopterans, and 2.0% spiders.

The home range of female deer mice encompass both their foraging areas and their

0.039 - Mean for adult males in summer in Utah subalpiue meadow
0.027 - Mean for adult females in summer in Utah subalpiue meadow
0. 10 - Mean for adult males in Oregon pouderosa pines
0.075 - Mean for adult females in Oregon pouderosa pines
(1. 1 28 - Mean for adult males in Idaho desert
0.094 - Mean for adult females in Idaho desert
Torpor reported in winter iu northern parts of range.

References
USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

Beyer, 1994

USEPA, 1993

USEPA, 1993

USEPA, 1993

Values Identified for ERA

Mean of reported means:

0.019

Mean of reported mean values (0.268 g/g-day) for
free-living adults is used converting to kg/day
based on a BW of 0.019 kg:

0.005

Estimated based on equation:

0.0028

IR.oii = IRfood*0.55*I,oJ Where 0.55 (kg food diy
weight /kg food wet weight) = wet weight to diy
weight conversion factor for food assuming 55%
diy matter in food:

0.00006

Fraction plants = dfpi^, = 1.0

Mean of means for females:
0.065

Exposure Factors.xls: Deer Mouse
2/7/2002 Page 3 of 9
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Mink
Mustela vison

Parameter
Ilnbitat

Body Weight
(kg wet weight)

Food Ingcstiou Rate

(kg wet weight/day)

Water lugestiou Rate

(L/day)
Sediincut or Soil
liigestiou Rate
(kg dry weight/day)

Dietary Composition
(fraction wet volume)

Home Range Size
(ha)

Seasonal Use

Symbol

BW

IRfood

' K-watL-r

^NikXfciiieut

df

HR

Reported Values
Vlink are associated vvilh aquatic habitats including livers, streams, lakes,
ditches, swamps, marshes and backwater areas. They prefer irregular shorelines
ind brushy or wooded cover adjacent to the water.

1 .04 - Mean - adult male - summer - Montana
1 .233 - Mean - adult male - tall - Montana
0.550 - Mean - adult female- summer - Montana
1.586 - Mean - adult female - fall - Montana

0.777 - Mean - juvenile male - summer - Montana
0.533 - Mean - juvenile female - summer - Montana
0.13 g/g-day - Mean - captive males = 0.15 kg/day (using 1.14 kg BW)

).12 g/g-day - Mean - farm raised males = 0.14 kg/day
0.16 g/g-day - Mean - farm raised females = 0.089 kg/day (0.556 BW)

0.028 g/g-day = 0.022 L/day - Mean for farm raised mink.

Ingesiion of sediment (Iied) or soil (Isol|) as percentage of food intake (kg dry
weight/kg food dry weight) is not available. Assumed to be equal to 1%.

Mink are opportunistic feeders taking whatever prey is abundant. In many parts
of its range mammals are the most important prey but mink hunt aquatic prey as
well depending on the season.

In mink intestines collected from the Clark Fork River percent freqency of
occurrence in samples for food items: 61.5% fish; 19.2% mammals and 26.9%
aquatic invertebrates. In mink stomachs the frequency of occurrence was:
1 1.5% fish, and 7.2% mammals.

Range size and shape depends on habitat. Shape is linear along streams and
circular in marshes.
Montana /riverine:
7.8 - Female mink in heavy vegetation
20.4 - Female mink in sparse vegetation

Mink are nocturnal and active year round.

References
USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

RCG, Hagler
Bailly, 1995

USEPA, 1993

USEPA, 1993

Values Identified for ERA

Mean of means for females:
0.556

Mean of means for females:

0.089

Reported mean selected:

0.0584

IR^ (or IR™,) = IRfMd*0.25niCd/sol] where 0.25 (kg
food dry weight /kg food wet weight) = wet weight
to dry weight conversion factor for food assuming
25% diy matter in food:

0.0002

Fraction fish= dffish = 0.75
Fraction aquatic invertebrates = dfaquiuveris = 0.25

Mean of reported values:
14.1

Exposure Factors.xls: Mink
2/7/2002 Page 4 of 9
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American Robin
Turdus rnigratorhis

Parameter
Habitat

Body Weight
(kg wet weight)

Food Ingestion Rate
(kg wel weight/day)

Water Iiigestinn Rate

(IVday)

Soil lugeition Rate
(kg dry weight/day)

Dietary Composition
(traction wet volume)

Home Range Size
(ha)

Seasonal Use

Symbol

BW

IRfood

iRw.«,

IRsoU

df

HR

Reported Values
Breeds in moist forests, swamps, open woodlands, orchards, parks, and
awns. Forages on ground in open areas along habitat edges of streams.

0.0773 - Mean - adults - Pennsylvania
1.0862 - Mean - adult male nonbreeders - New York

0.0836 - Mean - adult female ucmbreeders - New York
0.0774 - Mean - adult female breeders -New York
0.0806 - Mean - adult male breeders - New York
0.0635 to 0.103 - Range breeding adults - PA (median=0.0833)
0.89 g/g-day (wet weight) - Mean - breeding free living male and females -
California = 0.0698 kg/day (BW = 0.0823 kg)

1.52 g/g^day (wet weight) - Mean - free living adults - Kansas = 0.12 kg/day
(BW = 0.055 kg)

Specific values for the robin are unavailable.

Estimated based on following equation:
lR,valer =0.059*BW0'67

Specific soil ingestion values are not available for the robin. If soil ingestion
is assumed to be proportional to the fraction of earthworms (soil
invertebrates) in the diet then the reported soil ingestion for the American
woodcock can be used as a basis for deriving a value for the robin.

Western United States:
Spring: fruit 17%; invertebrates 83%
Summer: fruit 29%; invertebrates 71%
Fall: fruit 63%; invertebrates 37%
Winter: fruit 70%; invertebrates 30%

Foraging home range from nests in summer:
0. 15 - Mean - adults with nestlings
0.81 - Mean - adults with fledglings

Migratory in northern portion of range. Leave breeding grounds from
September to November returning from February to April.

References
USEPA, 1993 and
Sample & Suter,

1994

USEPA, 1993

USEPA, 1993

USEPA, 1993

Beyer, 1994;
Sample & Suter,

1994

USEPA, 1993

USEPA, 1993

USEPA, 1993

Values Identified for ERA

vlean of reported means for breeding adults:

0.0814

Mean of two reported values:

0.078

Estimated from equation:

0.011

If the diet of the woodcock is 99% earthworms
and 10.4% of their diet is soil then a robin
consuming 77% earthworms will consume 8.1%
soil. I!Wl = 0.081

IR^ = IRf0()d*0.2*I.ed Where 0.2 (kg food diy
weight /kg food wet weight) = wet weight to dry
weight conversion factor for food assuming 20%
diy matter in food:

0.0012
Diet reported for breeding season \ised (spring &
summer). Reported fractious for seasons are
averaged:
Plants = dfplmts = 0.3
Soil invertebrates = dflc,llu,v(.l1a = 0.7

Mean of mean values:

0.48

Exposure Factors.xls: American Robin
2/7/2002 Page 5 of 9
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Greater-Sage Grouse
Centrocercus urophasianiis

Parameter
Habitat

3ody Weight
(kg wet weight)

Pood Ingest ion Rate

(kg wet weight/day)

Water Ingestion Rate

(L/day)

Soil lugestion Rate
'kg dry weight/day)

Dietary Composition
(fraction wet volume)

Home Rauge Size

Seasonal Use

Symbol

BW

IRfood

"*• water

IR.0,1

df

HR

Reported Values
Sagehmsh plains, foothills, and mountain valleys

Vlales-25-30 inches in length and up to 7 pounds - N. America
7emales-average 20 inches and less than 3 pounds - N. America

Specific values for the grouse are unavailable.
Estimated based on following equation:

IRfood (kg dw/day) = 0.0582*BW (kg wwf651

Species specific values are not available.
Estimated based on following equation:

IRwalfr=0.059*BWa(i7

Ingeslion of soil (I,^) as percentage of food intake (kg soil dry
weight/kg food diy weight) is not available. Assumed to be equal
to 2%.

Sage grouse eat primarily plants and flowers. They eat sagebrush
leaves in the winter and clovers, dandelions, grasses, and other
plants in the summer. Juveniles occasionally eat seeds and insects
in the summer.

as much as 800 square miles

The Greater-Sage Grouse is a permanent resident of Oregon,
Washington, Idaho, Nevada, Utah, Colorado, Wyoming, Montana,
California, North and South Dakota. The males arrive at "strutting
grounds" during March and April. Females arrive here in early

References
Utah Division of

Wildlife
Resources

http://www.utahc

Utah Division of
Wildlife

Resources
http://www.utahc
dc.usu.edu/rsgis2/
Searcli/Display.as

USEPA, 1993

USEPA, 1993

Assumption

Utah Division of
Wildlife

Resources
htlp://www.utahc

http://cascadia.ti

Utah Division of
Wildlife

Resources
http ://www .utahc

Values Identified for ERA

Average of male and female:
2.3

Reported mean value for free-living adults is used:

0.100

Estimated from equation:

1.031

IR.OJI = IRfM,d*0.33*Isoi, Where 0.33 (kg food dry
weight /kg food wet weight) = wet weight to dry
weight conversion factor for food assuming 33%
dry matter in food:

0.0007

Fraction plants = dtplaills = 1 .0

Exposure Factors.xls: Greater-Sage Grouse
2/7/2002 Page 6 of 9
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American Kestrel
Falco sparverius

Parameter
Habitat

iody Weight
kg wel weight)

Miocl Iiigestion Rate

(kg wet weight/day)

Water Iiigestion Rate

(L/day)

Soil Ingestion Rate
(kg dry weight/day)

Dietary Composition

(fraction wet volume)

Home Range Size
(ha)

Seasonal Use

Symbol

DW

TCfood

DRwa,,,-

TRsoil

df

HR

Reported Values
Open deserts, semi-open areas, edges of groves and urban areas

0.115 - Mean - females - fall - California
0.103 - Mean - males - fall - California
0.124 - Mean - laying females - Utah
0.127 - Mean - females - fall - Utah
0.108 - Mean - incubating males - Utah
0.1 1 1 - Mean - males - fall - Utah
0.29 g/g -day (wet weight) - Mean - free-living adults - winter -
California

0.31 g/g-day (wel weight) - seminatural enclosed adults - Ohio

Species specific values are not available.

Estimated based on following equation:

IRwaU,.=0.059*BW0-67

Ingestion of soil (Isoi]) as percentage of food intake (kg soil dry
weight/kg food dry weight) is not available. Assumed to be equal
to 1%.

Kestrels prey on a variety of small animals including
invertebrates(wonns, spiders, scorpions, beetles), amphibians,
reptiles and small to medium-sized birds and mammals.

Reported diet in California open areas: Invertebrates: 32.6%,
mammals: 31.7%, birds: 30.3%, reptiles: 1.9 %, and other 3.5%.

202 - Mean - adults - summer - Wyoming
131- Mean - adults - summer - Michigan
21 to 500 - Range for summer
9.7 to 42 - Range for winter
The American Kestrel is a year-round resident over most of the
United States; but is migratory in the northern-most portion of its
range. In Utah the American Kestrel migrates in early September
to early November and in Wyoming it returns in mid-April.

References
USEPA, 1993

TJSEPA, 1993

USEPA, 1993

USEPA, 1993

Assumption

USEPA, 1993

USEPA, 1993

USEPA, 1993

Values Identified for ERA

Mean of reported means:

0.115

Reported mean value for free-living adults is used:

0.033

Estimated from equation:

0.014

IRSoii = IRrood*0.33*Isoil Where 0.33 (kg food dry
weight /kg food wet weight) = wet weight to day
weight conversion factor for food assuming 33%
dry matter in food:

0.0001

Fraction terr. invertebrates = df,erri,,wrts = 0.33

Fraction small mammals = df,1Mim,rais = 0.67

33% solids in diet based on weighted average.

Mean of reported means for summer:
167

Exposure Factors.xls: American Kestrel
2/7/2002 Page 7 of 9
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Mallard Duck
Anas platyrhynchos

Parameter
Habitat

Body Weight
kg wet weigh!)

Rood Ingcstiou Rate
(kg wet weight/day)

Water Ingestiou Rate
(IVday)

Sediment Ingestioii
Rate
(kg dry weight/day)

Dietary Composition
(fraction wet volume)

Home Range Size
(ha)

Seasonal Use

Symbol

BW

IRfood

IRv,.«r

!R,eJ

df

IIR

Reported Valuei
Natural bottomland wetlands and rivers, reservoirs, and
rands in winter. Dense grassy vegetation with height of at
east one-hall meter, usually within a few kilometers of

water, for nesting
1.225 - Mean - adult male
1 .043 - Mean - adult female
1.043 to 1.8 14 -Range
Species specific values are not available.
Can be estimated based on following equation:

iRfood=(0.0582*BW0(:5') / 0.2
Where: 0.2 = dry weight to wet weight conversion factor
assuming 20% dry matter in diet.
Values not reported.
Estimated based on following equation:

IRMcr=0.059*BW°-67

Ingestion of sediment (lsed) as percentage of food intake (kg
sediment dry weight/kg food diy weight) reported at 3.3%.

South central North Dakota/prairie potholes.
Spring breeding season:

Invertebrates 74.7% ; plant material 25.3%
Louisiana coastal marsh in winter

Snails 1 .05%; plant material 92.2% and other 6.8%

468 - Mean - adult female - North Dakota
1 1 1 - Mean - laying female - North Dakota
540 - Mean - adult female - Minnesota
620 - Mean - adult male Minnesota
40 to 1,440 -Range
Migratory in northern portion of range. I^eave breeding
grounds by November returning from mid-March to mid-
May.

References
USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

Beyer, 1994

USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

Valuei Identified for ERA

1.13

Estimated from equation:

0.32

Estimated from equation:

0.064

IR^ = IRfood*0.145*Ise(, Where 0.145 (kg food
dry weight /kg food wet weight) = wet weight
to diy weight conversion factor for food
assuming 14.5% diy matter in food:

0.0015
Diet reported for breeding season used
because this is when exposures for mallards
would occur at the CFR OU.

Aquatic vegetation = dfaveg = 0.25

Aquatic invertebrates = df.,,,,̂ ,.,,, = 0.75

14.5% solids in diet based on weighted
average.

Mean of reported mean values for adult
females:

435

Exposure Factors.xls: Mallard Duck
2/7/2002 Page 8 of 9
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Belted Kingfisher
Ceiyle alcyon

Parameter
Hiibitat

Body Weight
kg wet weight)

Food Ingestion Kate

(kg wet weight/day)

Witter Ingestinu Rate

(IVday)

Sediment lugesrioii Rate
(kg dry weighl/day)

Dietary Compoiitiou
(fraction wet volume)

Home Runge Size

Foraging Distance
(km)

Seasonal Use

Symbol

BW

IRfood

"Svalei

IRsed

df

HR

Reported Values
Forages 011 ground in open areas along habitat edges of streams, rivers
.ionds and lakes where fish concentrations are greatest. Nests in
.miTOws that are devoid of vegetation.
0.148 - Mean - adults - Pennsylvania
0.136 - Mean - adults - Pennsylvania
0.158 - Mean - adults - Ohio
0.5 g/g-day - Mean - adults - northcentral lower Michigan

Specific values not available.

Estimated based on following equation:
IR^la. =0.059*BW° 67

Ingestion of sediment (lieij) or soil (Iloi|) as percentage of food intake
(kg diy weight/kg food diy weight) is not available. Assumed to be
equal to 1%.

Michigan/trout streams:
Game fish: 43%

Forage fish: 15%

Unidentified fish: 1%
Invertebrates: 41%

During the spring and early summer the breeding pairs defend both the
territory including both their uest site and their foraging area. By
autumn each bird defends an individual feeding territory only.
Breeding territories can be more than twice as long as the feeding
territory. Foraging territory is inversely related to prey abundance.

Foraging distance in early summer (breeding pairs):
2.19 - Mean - Pennsylvania
1 .03 - Mean - Ohio/streams
1 .03 - Mean - southwest Ohio/streams
Migratory in northern portion of range. Leave breeding grounds from
October to December returning from February to April.

References
USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

Assumption

USEPA, 1993

USEPA, 1993

USEPA, 1993

USEPA, 1993

Values Identified for ERA

VIean of reported means:
0.147

Mean value:

0.07

Estimated from equation:

0.016

IR.ej (or IR^,) = IRfood*0.27*IMd/toi] Where
0.27 (kg food dry weight /kg food wet weight)
= wet weight to dry weight conversion factor for
food assuming 27% diy matter in food:

0.0002

Fraction fish = dffish =0.59

Fraction aquatic invertebrates = dfai]U1,,vella = 0.4 1

No Info

Mean of means for breeding pairs:

1.42

Exposure Factors.xls: Belted Kingfisher
2/7/2002 Page 9 of 9
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APPENDIX C
Estimation of Terrestrial Plant Tissue Concentrations from Site Soil and Tailings Data

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site

Location

)ff-ImpoiindmeDt
Soils

On-Impoundment
Soils

Site Tailings

COPC

Arsenic
Barium

Cadmium
Chromium

Copper

Lead
Mercury
Selenium

Silver

Zinc

Arsenic
Rarium

Cadmium

Chromium

Copper

Lead
Mercury
Selenium

Silver
Zinc

Aluminum

Aillimony
Arsenic

Barium

Cadmium
Chromium

Copper
Lead

Mercury

Selenium
Silver
Zinc

Aluminum

Antimony
Arsenic

Cadmium

Chromium
Copper

Lead

Mercury

Selenium

Silver
Zinc

Detect
Freq

11/11
3/3
1/3
3/3
3/3

1 1 / 1 1
1/3
0/3
0/3
3/3

69/69
14/14
11/14
14/14
14/14
69/69
4/14

0/14
0/14
14/14

1 1 / 1 1
I I I

52/58

13/13
9/24
24/24
24/24

58/58

7/24
0/24
0/24

24/24

40/40

33/40

49/49

43/46
39/40

48/48
46/46

40/45

26/40

38/46
47/47

Mill

6.70
213.00

0.25
20.00

15.00

22.00
0.05
2.50
2.50

90.00

6.00
188.00

0.25
20.00

20.00

17.00
0.05
2.50
2.50

65.00

17600.00

2.50
2.50

175.00

0.25
16.00
13.00
13.00

0.05
2.50
2.50

47.00

813.00

2.50
6.60
0.25
2.50

20.00
19.00

0.05
0.98
2.50

97.00

Max

14.00
265.00

1.00
23.00
29.00

98.00
0.15
2.50
2.50

127.00

316.00
413.00

43.00

31.00
112.00

6265.00
3.20
2.50
2.50

1800.00

26100.00
10.00

121.00

365.00

6.00
39.00

99.00
3239.00

1.50
2.50
2.50

1010.00

32700.00

505.00
637.00

250.00
1 1 1 .00

1323.00

31600.00

85.00

24.00

120.00
33800.00

Geomean

8.52
234.00

0.40
21.63
19.09
36.74

0.07
2.50
2.50

103.14

13.51
274.29

1.25
22.36

33.35
90.87
0.10
2.50
2.50

183.83

21834.07

2.84
11.27

236.31

0.55
22.21
29.02
72.21

0.09
2.50
2.50

131.32

4071.60

57.88
147.60

22.34

18.16
243.01

2154.97

1.59
6.34
19.31

4046.74

Mean

8.77
235.00

0.50
21.67
20.00

41.91
0.08
2.50
2.50

104.33

29.93
285.07

4.98
22.57

37.79

523.46
0.49
2.50
2.50

319.64

22009.09

3.18
18.80

243.23

I . I !
22.63

33.92
283.29

0.20
2.50
2.50

212.50

7541.35

130.15
236.98

46.42
22.66

377.00
5468.63

5.51
8.52

31.17
7438.11

Stdev

2.35
26.91
0.4.3
1.5.3
7.81

25.65
0.06
0.00
0.00
19.86

62.54

84.09

11.67
3.46

24.43
1405.41

1.10
0.00
0.00

478.99

2890.83
2.26

23.81

64.35

1.56
4.83

23.08
600.09

0.34
0.00
0.00

261.61

9038.98

121.20
149.14

46.82

19.33
321.34

6153.05

13.15
5.97

28.20
6630.33

UCL95

Norm

10.05
280.36

1.23
24.24
33.17

55.91
0.18
2.50
2.50

137.81

42.50

324.85

10.50
24.21
49.34

806.01
1.02
2.50

2.50
546.23

23586.72
4.42

24.05

275.00

1.66
24.31
41.97
415.67

0.32
2.50
2.50

303.81
9970.97

162.72

272.78

58.02

27.86
454.92

6992.76

8.81

10.13
38.15

9062.89

LogNorm

10.14
292.98
200.13
24.92

78.00
58.67

2.92
2.50
2.50

160.68

28.24

331.38

15.30
24.12
48.74

496.03
1.32
2.50

2.50
550.85

23738.97
4.04

23.78

277.01

2.03
24.25

41.52
428.97

0.30
2.50
2.50

314.05

11034.40

626.21

595.62

212.38
28.03

643.91

44489.30

17.06
12.08
56.45

22053.08

EPC

10.14
265.00

1.00
23.00

29.00

58.67

0.15
2.50
2.50

127.00

42.50
331.38

15.30
24.21

49.34
806.01

1.32
2.50
2.50

550.85

23738.97

4.42
24.05

277.01

2.03
24.31
41.97
428.97

0.32

2.50
2.50

314.05

11034.40

505.00
595.62

212.38

28.03
643.91

31600.00

17.06
12.08
56.45

22053.08

BAF Parameters

B,,

-1.992

na
-0.476

na
0.669

-1.328

-0.996
-0.678

na
1.575

-1.992
na

-0.476

na
0.669
-1.328
-0.996

-0.678

na
1.575

na
na

-1.992

na
-0.476

na
0.669
-1.328

-0.996

-0.678

na
1.575

na
na

-1.992

-0.476

na
0.669

-1.328

-0.996

-0.678

na
1.575

B,

0.564
na

0.546

na
0.394

0.561
0.544
1.104

na
0.555

0.564
na

0.546

na
0.394
0.561
0.544

1.104

na
0.555

na
na

0.564

na
0.546

na
0.394
0.561

0.544

1.104
na

0.555

na
na

0.564

0.546

na
0.394

0.561
0.544

1.104
na

0.555

Plant Cone
(mg/lig dw)

0.50
na

0.62
na

7.36
2.60

0.13
1.40
na

71.06

1.13
na

2.75
na

9.07
11.32
0.43
1.40
na

160.43

na
na

0.82

na
0.92

na
8.51
7.94
0.20

1.40
na

117.45

na
na

5.01

11.58
na

24.96

88.63

1.73
7.94
na

1243.48

Plant Cone
(mg/kg w\v)

0.27
na

0.33
na

3.90
1.38
0.07
0.74
na

37.66

0.60
na

1.46

na
4.81
6.00
0.23
0.74

na
85.03

na
na

0.43

na
0.48
na

4.51
4.21

0 .11
0.74

na
62.25

na
na

2.66
6.14

na
13.23
46.97

0.92
4.21

na
659.05

BAF Parameters from BJC, 1998. Empirical Models for Ilie Uptake oflnorganic Chemicals from Soil by Plants. BJC-OR-133. US Dept. of Energy
EPC is equal to the eslimated plant concentration based on the minimum of the 95UCL and the maximum in soil.

Plant tissue concentrations were estimated using the equation: Infconc in plant dw)=B0+B,(ln[conc in soil dw])
Dry weiglll concentrations were converted to wet weight using a conversion factor (CF) of 0.53 [DO(, 1 998]. ww = dw * CF

Plant Tissue Cone Est rev.xls: EPCstats
2/7/2002



APPENDIX C
Estimation of Earthworm Tissue Concentrations from Site Soil and Tailings Data

Screening Ecological Risk Assessment for the Richardson flat Tailings Site

Location

Impoundment
Soils

On-
Impoundmcnt

Soils

Site Tailings

COl'C

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Detect
Freq
1 1 / 1 1
3/3
1/3
3/3
3/3

1 1 / 1 1
1/3
0/3
0/3
3/3

69/69
14/14
1 1/14
14/14
14/14
69/69
4/14
0/14
0/14
14/14
I l / T l
I/I I

52/58
13/13
9/24
24/24
24/24
58/58
7/24
0/24
0/24
24/24
40/40
33/40
49/49
43/46
39/40
48/48
46/46
40/45
26/40
38/46
47/47

Min

6.70
213.00

0.25
20.00
15.00
22.00
0.05
2.50
2.50

90.00
6.00

188.00
0.25

20.00
20.00
17.00
0.05
2.50
2.50

65.00
17600.00

2.50
2.50

175.00
0.25
16.00
13.00
13.00
0.05
2.50
2.50

47.00
813.00

2.50
6.60
0.25
2.50

20.00
19.00
0.05
0.98
2.50

97.00

Max

14.00
265.00

1.00
23.00
29.00
98.00
0.15
2.50
2.50

127.00
316.00
413.00
43.00
31.00
112.00

6265.00
3.20
2.50
2.50

1800.00
26100.00

10.00
121.00
365.00

6.00
39.00
99.00

3239.00
1.50
2.50
2.50

1010.00
32700.00

505.00
637.00
250.00
111.00

1323.00
31600.00

85.00
24.00
120.00

33800.00

Geomean

8.52
234.00

0.40
21.63
19.09
36.74
0.07
2.50
2.50

103.14
13.51

274.29
1.25

22.36
33.35
90.87
0.10
2.50
2.50

183.83
21834.07

2.84
11 .27

236.31
0.55
22.21
29.02
72.21
0.09
2.50
2.50

131.32
4071.60

57.88
147.60
22.34
18.16

243.01
2154.97

1.59
6.34
19.31

4046.74

Mean

8.77
235.00

0.50
21.67
20.00
41.91
0.08
2.50
2.50

104.33
29.93

285.07
4.98

22.57
37.79

523.46
0.49
2.50
2.50

319.64
22009.09

3.18
18.80

243.23
1 . 1 1

22.63
33.92

283.29
0.20
2.50
2.50

212.50
7541.35
130.15
236.98
46.42
22.66

377.00
5468.63

5.51
8.52

31.17
7438.11

Stdev

2.35
26.91
0.43
1.53
7.81

25.65
0.06
0.00
0.00
19.86
62.54
84.09
11.67
3.46

24.43
1405.41

1.10
0.00
0.00

478.99
2890.83

2.26
23.81
64.35
1.56
4.83
23.08

600.09
0.34
0.00
0.00

261.61
9038.98
121.20
149.14
46.82
19.33

321.34
6153.05

13.15
5.97

28.20
6630.33

UCL9S

Norm

10.05
280.36

1.23
24.24
33.17
55.91
0.18
2.50
2.50

137.81
42.50
324.85
10.50
24.21
49.34
806.01

1.02
2.50
2.50

546.23
23586.72

4.42
24.05

275.00
1.66

24.31
41.97

415.67
0.32
2.50
2.50

303.81
9970.97
162.72
272.78
58.02
27.86

454.92
6992.76

8.81
10.13
38.15

9062.89

LogNorm

10.14
292.98
200.13
24.92
78.00
58.67
2.92
2.50
2.50

160.68
28.24

331.38
15.30
24.12
48.74

496.03
1.32
2.50
2.50

550.85
23738.97

4.04
23.78

277.01
2.03

24.25
41.52

428.97
0.30
2.50
2.50

314.05
11034.40
626.21
595.62
212.38
28.03

643.91
44489.30

17.06
12.08
56.45

22053.08

EPC

10.14
265.00

1.00
23.00
29.00
58.67
0.15
2.50
2.50

127.00
42.50

331.38
15.30
24.21
49.34
806.01

1.32
2.50
2.50

550.85
23738.97

4.42
24.05

277.01
2.03
24.31
41.97

428.97
0.32
2.50
2.50

314.05
11034.40
505.00
595.62
212.38
28.03

643.91
31600.00

17.06
12.08
56.45

22053.08

BAF Parameters

Bo

- 1 . 4 2 1
na

2 . 1 1 4
0

1.675
-0.218
0.0781
-0.075

na
4.449
-1.421

na
2 .114

0
1.675

-0.218
0.0781
-0.075

na
4.449

na
na

-1.421
na

2 . 1 1 4
0

1.675
-0.218
0.0781
-0.075

na
4.449

na
na

-1.421
2.114

0
1.675

-0.218
0.0781
-0.075

na
4.449

B,

0.706
na

0.795
0

0.264
0.807

0.3369
0.733

na
0.328
0.706

na

0.795
0

0.264
0.807
0.3369
0.733

na
0.328

na
na

0.706
na

0.795
0

0.264
0.807

0.3369
0.733

na
0.328

na
na

0.706
0.795

0
0.264
0.807

0.3369
0.733

na
0.328

Earthworm
Cone (mg/kg

dw)

1.24
na

8.28
1.00
12.99
21.50
0.57
1.82
na

419.01
3.41

tia
72.43
1.00

14.94
178.13

1.19
1.82
na

678.01
na
na

2.28
na

14.55
1.00

14.32
107.08
0.74
1.82
na

563.89
na
na

21.98
586.35

1.00
29.44

3440.10
2.81
5.76

na
2274.23

Earthworm
Cone (ing/kg

\vw)

1.04
na

6.96
0.84
10.91
18.06
0.48
1.53
na

351.97
2.86

na
60.84
0.84
12.55

149.63
1.00
1.53
na

569.53
na
na

1.92
na

12.23
0.84
12.03
89.94
0.62
1.53
na

473.67
na
na

18.46
492.54

0.84
24.73

2889.69
2.36
4.84

na
1910.35

BAF Parameters from ERP, 1998.
EPC is equal to the estimated eartl

Development and Val ida t ion of Bioaccumulalion Models for Earthworms. ES/ER/TM-220, US Dept of Energy
iworm concentration based on the min imum of the 95UCL and the max imum in soil.

Earthworm tissue concentrations were estimated using (lie equation: ln(conc in earthworm dwl-Bo+Bjflnfconc in soil dw])
Dry weight concentrations were converted to wet weighl using a conversion factor (CF) of 0 8-4 [EPA, 1993]. ww = dw * OF

Earthworm Tissue Cone Est.xls: EPCstats
2/7/2002
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APPENDIX C
Estimation of Small Mammal Tissue Concentrations from Site Soil and Tailings Data

Screen!tin Ecofogtcal Risk Assessment J'ltr lne Hii'hitnlsoH Flat Tailings Site

Location

llucktiround Soils

orr-
Inipouudnicnt

Soils

On-
liupoundinent

Soils

Site Tailings

COI'C

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercno
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Delect
Freci

n i l
3/3
1/3
3/3
3/3

1 1 / 1 1
1/3
0/3
0/3
3/3

69/69
14/14
11/14
14/14
1 4 ' I 4
69/69
4/14
0/14
0/14
14/14
11/11
l / l l

52/58
13/13
9/24

24/24
24'24
58/58
7/24
0/24
0/24

24/24
40/40
33/40
49/49
43/46
39/40
48/48
46/46
40/45
26/40
38/46
47/47

Mill

6.70
213.00

0.25
2000
1500
2200
0.05
250
2.50
9000
6.00

18800
025

2000
20.00
17.00
0.05
2.SO
2.50
6500

1760000
2.50
2.50

175.00
0.25
1600
1300
13.00
0.05
2.50
2.50

47.00
813.00

2.50
6.60
0.25
2.50
2000
1900
005
0.98
2.50

97.00

Max

14.00
26500

I 00
2300
29.00
9800
0.15
250
2.50

127.00
316.00
413.00
4300
31.00
112.00

6265.00
3.20
2.50
250

1 800 00
26100.00

10.00
121.00
365.00
600
39.00
9900

323900
1.50
2.50
2.50

1010.00
32700.00

505.00
637.00
250.00
111.00
1323.00

31600.00
85.00
24.00
120.00

33800.00

Geomean

8.52
234.00

0.40
21.63
1909
3674
007
250
2.50

103.14
13.51

274.29
1.25

2236
33.35
90.87
0.10
250
250

183.83
21834.07

2.84
11.27

236.31
055
2 2 2 1
2902
7 2 2 1
0.09
2.50
2.50

131.32
4071.60

57.88
147.60
2234
18.16

243.01
2154.97

1.59
634
19.31

4046.74

Mean

8.77
235.00

0.50
21.67
20.00
41.91
0.08
2.50
2.50

104.33
29.93

285.07
4.98

22.57
37.79

523.46
0.49
2.50
2.50

319.64
2200909

3 18
1880

243.23
1 1 1

22.63
33.92
283.29

0.20
2.50
2.50

212.50
7541.35
130 15
236.98
4642
22.66

377.00
5468.63

5.51
8.52

31 .17
7438.11

Sldev

2.35
26.91
0.43
1.53
7.81

25.65
0.06
0.00
0.00
19.86

62.54
84.09
11.67
3.46
24.43

1405.41
1.10
0.00
0.00

478.99
2890.83

226
2 3 8 1
64.35
1.56
4.83
23.08

600.09
0.34
0.00
0.00

261 61

9038.98
121.20
149.14
46.82
19.33

321.34
6153.05

13.15
5.97
28.20

6630.33

UCL9S

Norm

1005
280.36

1.23
2 4 2 4
33 17
5591
O . I S
250
2.50

13781

42.50
324.85
10.50
24.21
49.34

806.01
1.02
2.50
2.50

546.23
23586.72

4.42
2405

275.00
1.66

24.31
41.97
4 1 5 6 7

032
250
2.50

303.81
9970.97
162.72
272.78
58.02
27.86

454.92
6992.76

8 8 1
10 13
38 15

9062.89

LogNorm

10.14
292.98
200.13
24.92
78.00
5867
292
2.50
2.50

160.68
28.24
331.38
1530
24 12
48.74

496.03
1 32
2 JO
2.50

550 85
23738 97

4 0 4
23.78

27701
2.03

24.25
41.52
428.97

0.30
2.50
250

31405
1103440
62621
595.62
212.38
28.03

643.91
44489.30

17.06
12.08
5645

22053.08

EPC

10.14
265.00

1.00
23.00
2900
58.67
015
2.50
2.50

127.00
42.50

331.38
15.30
24.21
49.34

806.01
1.32
2.50
2.50

550.85
23738.97

4.42
24.05

277.01
2.03

24.31
41.97

42897
032
2.50
2.50

314.05
11034.40
505.00
595.62
212.38
28.03
643.91

31600.00
17.06
12.08
56.45

22053.08

BAF Parameters
Insectivore

B,

-4.8471
na

0.815
-1.4599
2.1042
0.4819

na
-0.4158

na
4.4713
-48471

na
0.815

-1.4599
2.1042
0.4819

na
-0.4158

na
4.4713

na
na

-4.8471
na

0.815
-1.4599
2.1042
0.4819

na
-0.4158

na
4.4713

na
na

-48471
0.815

-1.4599
2.1042
0.4819

na
-0.4158

na
4.4713

B,

0.8188
na

09638
0.7338
0 1783
0.4869

na
03764

na
0.0738
0.8188

na
0.9638
07338
0.1783
0.4869

na
0.3764

na
00738

na
na

0.8188
na

0.9638
0.7338
0.1783
0.4869

na
0.3764

na
00738

na
na

0.8188
0.963B
0.7338
0.1783
04869

na
0.3764

na
0.0738

Median
111'

na
0.0168

na
na
na
na

0.0543
na
na
na
na

0.0168
na
na
na
na

0.0543
na
na
na
na
na
na

00168
na
na
na
na

0.0543
na
na
na
na
na
na
na
na
na
na

0.0543
na
na
na

Tissue Cone

0.05
4.45
2.26
2.32
14.95
11.76
0.01
0.93
na

125.06
0.17
5.57

31.32
2.41
1643
42.11
0.07
0.93

na
139.36

na
na

0 .11
4.65
4.48
2.41
1597
3098
002
0.93

na
133.70

na
na

1.47
395.21

2.68
25.98

251 30
0.93
1.69
na

182.98

Herbivore

B,
-5.6531

na
-1.2571

na
na

-0.6114
na

-04158
na

4.4713
-5.6531

na
-1.2571

na
na

-0.6114
na

-0.4158
na

4.4713
na
na

-5.6531
na

-1.2571
na
tia

-06114
na

-04158
na

4.4713
na
na

-5.6531
-1.2571

na
na

-0.6114
na

-0.4158
na

4 4713

B,

1.1382
na

0.4723
na
na

0.5181
na

0.3764
na

0.0738
1.1382

na
0.4723

na
na

0.5181
na

0.3764
na

0.0738
na
na

1.1382
na

0.4723
na
na

05181
na

0.3764
na

0.0738
na
na

1.1382
0.4723

na
na

0 5 1 8 1
na

0.3764
na

0.0738

Median
UF

na
0.0168

na
0.0774
0 0525

na
0.0543

na
na
na
na

0.0168
na

0.0774
0.0525

na
0.0543

na
na
na
na
na
na

00168
na

0.0774
0.0525

na
0.0543

na
na
na
na
na
na
na

0.0774
0.0525

na
0.0543

na
na
na

Tissue Cone

0.05
4.45
0.28
1.78
1.52
4.47
0.01
0.93
na

125.06
0.25
5.57

1.03
1.87
2.59
17.39
0.07
0.93

na
139.36

na
na

0.13
4.65
0.40
1.88
2.20
1254
002
0.93
na

133.70
na
na

5.05

3.57
2.17
33.81
116.35
0.93
1.69
na

18298

Omuivore

B.
-4.5796

na
-1.5383
-1.4599
1.4592
0.0761

na
-0.4158

IVd

4.4713
-4.5796

na
-1.5383
-14599
1.4592
0.0761

na
-0.4158

na
4.4713

na
na

-4.5796
na

• 1.5383
-1.4599
1.4592
0.0761

na
-0.4158

na
4.4713

na
na

•4.5796
-1.5383
-1.4599
1.4592
0.0761

na
-0.4158

na
4.4713

B,

0.7354
na

0.566
0.7338
0.2681
0.4422

na
0.3764

na
0.0738
0.7354

na
0.566

0.7338
0.2681
0.4422

na
0.3764

na
0.0738

na
na

0.7354
na

0.566
0.7338
0.2681
04422

na
0.3764

na
0.0738

na
na

0.7354
0.566
0.7338
0.2681
04422

na
0.3764

na
0.0738

Median
UF

na
0.0168

na
na
na
na

0.0543
na
na
na
na

0.0168
na
na
na
na

0.0543
na
na
na
na
na
na

0.0168
na
na
na
na

0.0543
na
na
na
na
na
na
na
na
na
na

0.0543
na
na
na

Tissue Cone
(ing/kg dw)

0.06
4.45
0.21
2.32
10.61
6.53
0.01
0.93
na

125.06
0.16
557
1 01
2.41
12.24
20.81
0.07
0.93

na
139.36

na
na

0 I I
465
0.32
2.41
11.72
15.74
0.02

0.93
na

133.70
na
na

1.13
4.46
2.68
24.37
105.39
0.93
1.69
na

182.98

Max ol
Mammal
Tropllic
Groups

(mtz/kt! dw)
0.06
4.45
2.26
2.32
14.95
11.76
0.01
0.93

na
125.06
0.25
557

31 32
2.41
16.43
42.11
0.07
0.93

na
13936

na
na

0.13
4.65
4.48
2 4 1
15.97
30.98
002
0.93

na
133.70

na
na

5.05
395.21

2.68
33.81

251.30
0.93
1 69
na

182.98

Max of
Mammal
Tropllic
Groups

fmg/k|! vrft)
0.04
3.03
1.54
1.58
10.16
8.00
0.01
0.63
na

85.04
0.17
3.79

21.29
1.64

11.18
28.63
0.05
063

na
94.77

na
na

009
3.16
3.04
1.64

10.86
21.06
0.01
0.63
na

90.92
na
na

3 4 3
26874

1.82
22.99
170.88
0.63
1 15
na

124.43
BAF Parameter HOTII ERP. 1998.
EPC is equal to tue estimated smal

Development and Va] dalion of Bioaccninulaiion Models foi Small Mamm
mammal concentration based on ll\e minimum of the 95UCL and llie maxi

ls. ES/ER/TM-219, US Dept of Enei
imum in soil

Small mammal
Diy weiyl

mmal tissue concentrations were estimated usiny ihe equation: lu{conc in small mammals dwJ^Bu+BjdiiJconc in soil dw
lu concenlrations were convened 10 wet weight using a conversion factor (CF) of 0 68 |EPA, 1993]. ww = dw * CF

Mammal Tissue Cone Esl rev xls EPCslals
2/7/2002
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APPENDIX C
Estimation of Benthic Invertebrate Tissue Concentrations from Sediment Data

Screening Ecological Kink Assessment for the Richardson Flat Tailings Site

Location

ups

owns icani

South Diversion
Ditch

Wetlands Area

COK:
Aluminum
Antimony

Arsenic
Cadmium

Chromium
Cupper

Lead
Mercury
Selenium

Silver
Zinc

A l u m i n u m
Antimony

Arsenic
Cadmium

Chromium
Copper

Lead
Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Ant imony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Silver

Thallium
Vanadium

Zinc

Detect
Freq
6''6
6/6
6/7
7/7
7/7
7/7
7'7
6 '7
4 '7
7/7
7/7

4 '4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4 '4
4/4

7/7
7/7
7/7
7 '7
7/7
7/7
7/7
7/7
3/7
111
7/7

5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5
5/5

Min

3181.00
39.00
33.00
14.00
12.00
47.60

641 00
0.10
5.00
3.33

2330.00
8943.00

97.00
177.00
29.00
21.00

43000
4861 00

0.11
500

28.00
6780.00
4850.00

36.00
101.00
18.00
16.00

173.00
188000

0.32
2.50
13.00

2940.00
193000
40.10
12800
92 10
40.30
1490
580

18300
2350.00
2200 00

1.30
13.20
9.90
8.00
6.60
9.50

5400.00

Max

15220.00
889.00
173500
179.00
42.00

2559.00
42990.00

1 60
33.50
136.00

44560.00
1159000

140.00
341.00
58.00
32.00

766.00
11130.00

0.44
11.00
49.00

11950.00
20600.00

97.00
205.00
73.00
30.00

280.00
3490.00

1 60
8.00

2500
12000.00
28800.00

99.00
310.00
562.00
93.10
62.40
2000
72500

6520 00
42000.00

8.20
97.20
43.10
41.30
13.60
70.60

15200.00

Geomean

8629.76
137.80
219.29
42.33
25.02

608.70
4998.14

0.41
15.09
31.97

8257.95
10383.47

122.74
271.46
42.00
26.91

58434
6878.41

0.22
8.82

37.23
8964.73
8644.57

65.32
129.00
40.19
19.46

230.34
2548.27

0.95
3.69
17.74

7281.82
9659.25

79.85
195.60
230.36
62.74
29.19
12.56

33943
4314.48
5078.18

3.33
35.73
15.33
17.47
827

29.46
9903.53

Mean

9998 17
24583
459.14
62.29
27.30
966.66

11004.43
0.57
19.07
51.19

12930.57
10438.00

124.00
280.25
43.50
27.25

596.50
7223.25

025
9.25

38.00
9314.00
9538.57

68.43
132.71
43.29
19.86

23329
259000

1.05
4 14
18 14

7811.43
15072.00

84.04
203.60
275.62
65.34
35.16
13.78

396.40
4662.00
10938.00

4 10
44.90
18.18
20.90
8.58

38.34
10532.00

Sldev

5081.85
323.59
604.93
60.55
11.20

82684
14850.40

0.51
11.82
45.44

14756.16
121675

19.65
75.53
12.97
4.86

137.30
2739.70

0.14
2.87
8.83

2918.16
5188.37

21 46
36.59
17.09
4.71

38.99
508.07

0.44
2.23
4.14

2744.78
12825.66

25.19
66.08
180.96
20.37
23.12
6.01

241.64
1886.42
17401.75

2.86
32.97
14.03
13.79
2.85

2795
3837.33

UCL'JS

Norm

14188.98
5 1 2 6 9
902.71
106.68
35.52

1572.94
21893.50

0.95
27.74
84.51

23750.54
11867.68

147.09
369.00
58.74
32.96

757.83
1044239

0.41
12.62
48.38

12742.84
13342.95

84.17
159.54
55.81
23.31

261.87
2962.54

1.37
578

2 1 . 1 8
9824.04
27289.27

10804
26654
44800
8475
57.19
19.50

62658
6458.93

27514.29
6.83

76.30
31.54
34.04
11.30
64.97

14187.31

LogNorm

22888.16
2412.86
6483.72
24502
45.06

13577.66
301984.65

2.24
59.57

612.49
59831.80
12026.22

154.10
43266
67.71
34.70

811.65
12553.65

0.77
1699
51.56

14737.98
15125.44

92.87
162.87
66.18
23.52

269.63
3041 88

1.89
6.98

21.94
12099.50

664196.01
144.44
299.77
1022.40
97.43
130.42
30.28

1157.22
9405.13

426571.78
16.85

233.95
48.52
75.56
12.16

28948
18484.37

EPC

15220.00
889.00
1735.00
179.00
4200

2559.00
42990.00

1.60
32.00
136.00

44560.00
11590.00

140.00
341.00
58.00
32.00

766.00
11130.00

0.44
11.00
49.00

11950.00
15125.44

92.87
162.87
66.18
23.52

269.63
3041.88

1.60
6.98

21.94
12000.00
28800 00

99.00
299.77
562.00
93.10
62.40
20.00

725.00
6520.00

42000.00
8.20

97.20
43.10
41.30
12.16
70.60

15200.00

BSAF
90th

Percenlile

1
1

0.69
41 55
0.468
23.87
0.607
2.868

1
1

7.527
1
1

0.69
41.55
0.468
23.87
0.607
2.868

1
1

7.527
1
1

069
41.55
0.468
23.87
0.607
2.868

1
1

7.527
1
1

069
1

41.55
0468
5.25
23.87
0.607

1
2.868
2.32

1
1
1
1

7.527

Benthic Cone
(ing/kg dw)

1522000
88900
1197.15
7437.45

19.66
61083.33
26094.93

4.59
32.00
136.00

335403.12
11590.00

140.00
235.29

2409.90
14.98

1828442
6755.91

1.26
11 00
49.00

89947.65
15125.44

92.87
112.38

2749 83
11.01

6436 00
1846.42

4.59
6.98

21.94
90324.00
28800.00

99.00
' 206.84

56200
3868.31
2920
105.00

17305.75
3957.64

42000 00
23.52

225.50
43.10
41.30
12.16
7060

114410.40

Benthic Cone
(ing/kB ww)

2283.00
133.35
179.57

1115.62
2.95

9162.50
3914.24

0.69
4.80

20.40
50310.47
1738.50
21.00
35.29

361.49
225

2742.66
1013.39

0.19
1.65
7.35

13492.15
2268.82

13.93
16.86

4 1 2 4 8
1.65

96540
276.96

0.69
1.05
3.29

13548.60
4320.00

14.85
3103
84.30
580.25

4.38
15.75

2595.86
593.65

6300.00
3.53

33.83
6.47
6.20
1.82

10.59
17161.56

BJC, 1998. Biota Sediment Accumula ion Faclors foi Invertebrates: Review and Recommendations for the Oak Ridge Reservation. BJC-OR-112. US Dept. of Energy. August 1998.
EPC is equal to (he estimated bemhic invertebrate concentration based on Ihe min imum of the 95UCL and Ihe max imum in sediment

Benthic (issue concentrations were estimated using the equation: cone in beruhics dw)=BSAF * cone in sediment dw
Dry weight concentrations were convened to wet weight using a conversion factor (CF) of 0.15 [USFWS, 199S] ww = dw * CF

Benthic Tissue Cone Est rev.xls: EPCstats
2/7/2002
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Richardson Flat Tailings Site

Screening Ecological Risk Assessment

APPENDIX D

DERIVATION OF WILDLIFE
TOXICITY REFERENCE VALUES (TRVs)



V,

TRY CALCULATION WORKSHEET FOOTNOTES:

1 If no study is available to establish a LOAEL TRY, the LOAEL is set to equal 3 x NOAEL
2 TRV(food) = TRV(water) / 0.50
3 Test species uncertainty factor equals 1 since both Old World and New World mice are physiologically similar;

and laboratory rodents are often more sensitive than wild species due to genetic heterogeneity of natural populations.
4 TRV(water or capsule) = TRV(foqd) * 0.50
5 TRY = Study Dose / UF

SMF - Study Modifying Factor
NA = Not Available
UF = Uncertainty Factor
NOAEL = No observed adverse effect level
LOAEL = Lowest observed adverse effect level
BW = body weight
TRY = Toxicity Reference Value

AFT

Wildlife TRVs RFT.xls: Footnotes
2/7/2002 Page 1 of 19
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NOAEL & LOAEL TRVs - ALUMINUM
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3.3

(,.61

3..1

6.dl

17.f

3S.li

17.5

35.11

17.5

3S.«

17.?

M.(l

17.5

3S.ll



V J

NOAEL &. LOAEL TRVs - ALUMINUM

Reuplor

<irc«li:r-.Sii|>i:

Gruu(cr-S»|>u
(iron*. Idled

StudY

No Killiibk- 1HV

Doivcrnuiinidiuy'lltV

Spai'line, IMO

Cbemlul

»l™

RouU

Oral

Did

Study Tcit
Spcdei

Mai laud

Studv F«clor

Duntiop

Chronic. 10
weeks

N DdKI Endpofnl

RcproductioD.
'Grottili

NOAKI. dudy
CODC (ppml

20(1 0

LOAKI. Judy
cone fpitDit

1,000

Convert! on
I'dciur Ik); food/

ke BW/divl

Source

0 1 7 5
CuoRidescet al.,

1 'JyO

NOAtLdoic
(me/be-div)

IS. i ld

LOAEL doK

(rae/ke-div) '

ns.u

Une*ri«iDty F*clori (UF>

Itittr-
ipcelti

S

Dundon

I

End olDl
NOA£L

1

LOAEL

1

Other

1

Totil UF*
NOAEL

*

LOAEL

*

NOAEI.
'I KV

fmE/ke-div)

3.50

7.1IU

I.OAEI.
I'UV (mg/kt

d»v)

17.5

35.li



NOAEL & LOAEL TRVs - ANTIMONY

Receptor

Ikir Miix

Mink (iviitiT)

M.uUd SltrvH

' '

(dim

lUd Fui (wuler)

A Ic.,,

'

A,,,«ic«

UlffSHullllW

(WUllT)

cun swuiiim

A,,,*.™,

A,,™,,

Hulled

lidkd

Miillud Iknck

MnlliinJ DncL

Sludv

StliintdLi ci;d.. l%8

Nu Uvliiililr LltV

l)ai\i; fit'ili W.uu I'KV2

Sdiiocila J iJ . 1%K

NolUi-ibk'JRV

Dcnvu limn Wua UtV1

Nu UJbhk JUV

DaivL-ii.-in W.BCI 1KV1

.,0* ,̂«

«„,<.„:,„„„»'

Ikiuxlunii Wata-'JRV2

NulMiuhli: THV

"*

No IMI-lilu'lltV

No IMiul.k CUV

NolUliiihtu HtV

Nu IU-liul.lt 1»V

Nu UUi.il.k UtV
K ~

Nu lUllubUTRV
Kitulilfklilii): Smdk-k 1 uinn

NulUliiilikTUV

NokUI>il>k'IKV

Chemicj)

poijssmin
I.UKilc

Aniimiiny

Ami many

Aniinifiiiy
poiiissium

Route

Oml

Oui

Wjia

Waid

Oidl
Wula

Study T«.l
Spedei

Mouse

Mou*

M«=

Mouse

Durttion

iy

;hiomc. >
l y i

l y i

Clironic; >
lyi

N DOMI

1 downfS pptu

IdostofSppm

1 dosuofippiii

Idoseof ippm

Endpolnl

LilcipJn;
Ltinycvity

Lifcspnn.
Longevity

IJltspan.
Lonycvlly

l.ilL-spm,.
Longevity

cane (Ptun)
I.OAEI,<tudy

cane (ppm)

5.00

500

500

,«,

CaDverdan Fidor
(kU fuod/ kg

BW/<Uv)

Source

0.0075
EPA 1988

00075
EPA 1988

00075
EPA 1988

00075
EPA 19BS

NOAEL duu

NA

NA

NA

NA

LOAEL do*

dnz/ke-dav) '

004

OM

O'Jt

004

i1,1;,',.

i

4

4

1

Purition

1

1

1

1

End olal
NOAEL

1

1

1

1

LOAEL

1

1

.

1

Other

I

1

I

.

ToUl Vf*
fOAEL

1

4

4

1

1

4

4

1

NOAEL TRY

,,™

3,»,

6.3HMI3

6.3I-.-H3

1JE-U2

2.5U-U1

NA

NA

NA

NA

NA

NA

NA

NA

NA

N,

LOAEL TUV

j.HL-u;

»«,

9.4K-4I3

,.w*

,,,;

.1.8E-U2

,.»•.«

NA

N.-\

NA

N1

NA

NA

NA

NA

NA

N \

Wildlile TRV& RFT.xli. Anlim
2/7/2002



NOAEL & LOAEL TRVs - AUSENIC

Ucccufor

Dirtr Mia.-
(MilllT)

Mini (dii-i)

MutUd jjlir.:w

Mutkud MIIW
(diu)

lUd Fa i (wmler)

Hid ]•»! (dklj

AlllLiiCllll

Uuliin (\vnlir)

Kiiliin (did)

f.lillSnullim

(n;iu-r>

(1i(TS«.illr>"
(dki)

Aiiiiriciui

AiiicrU-iui

111 Hid

Kiiii-GUiLT

Study

St]ni>«]a& Mndiuici. 1'JTl

NII Ktlliihk 1UV

Lkmximm Wain IRV 3

Hymn d;il , l%7

SLliiiicJu- & Mudicnor. 1971

HynmUBl. l%7

Selnouki & Mildwna. 1971

Hymn d id.. 1967

No Itilliilik IUV

L'.lnbllJltUK StlidUii 1 mind

Duiivdioin l)ia;uy IKV4

SLuiLy dal . lyJJ

NuliUUihk IUV

l>aivc fioin l)m;uv 1KV*

No IMiul.lt '1 IU'

l)oii\u (mill Dijiuy '1R\'*

NuHUiadlt IUV

Muituliimi Diiliu-y IHV*

Chtwicul

Arsaillcsill

Sodium LUiCKilu

Auaiile salt

Sodium ai'scJiik

Aiieaitesili

S,,J«im aiiaiin

S,̂ ,,,,, „,„,.,„

Route

Oral

Wdia

W.-iia

Dial

Dill

Oral

Waiu-

Oral

Diet

Oral

Waiu

Oral

Oral

Did

Did

Did

Study Ttit
SpecUi

Chaiki
Kixu CD

Mia-'

riinik-s
Rivia CD

Hc,ijjk

C:iiai)i.-i
Kivu CD

Mia;1

lluajjlc

Cliailcs
Kivu CD

Mio;1

liCî k

M.illiud

Stild* Fmcton

Du ration

yenaijliojib

tlliionii;; 3

2 yen!

nuimic: 3

2 years

CliuniiCL 3

2yeais

Clii-nuic; B

\wi4s

Chronic; 8

Clnonic; 8

N

lOniiuiiiiMii

KJiinimaJsiii

6 nnininJs per

Utist yn>up

KJunniiiilsin
adi yaici-alinu

(i anim.ils pa

Jose gioup

cadi guici-jiion

Jt.su (jiiiup

12paiis{2-1

Jucl:s)pCJ-anJ

npaire(24

12paiis(2^

DOMI

1 Jose of 5.06 p[«n
(5 ppm wita + 0 06

ppni did)

(S ppm water + 0.06

Win dia)

4 JOSL^ mcli of

5,25, 50. 125 ppm

1 doscofSOfj ppm

(5 ppm water + 0 06
ppm dm)

4 doses each of

5,25,50. 125 ppm

1 Jose ofS.Ou ppm

(5 ppm water + 0 06

ppm did)

5. 25. 50. 125 ppm

4doiesofO. 25, 100
4u() ppm

(Mean at 100 & 400

93 is 403 ppm)

4 doses ofO, 2i, 100

4IKI ppm

(Mean at 100 & 400

!)J &. 403 ppm)

4doKsof0.25, 100

(Mean at 100 & 400

93 Hi 403 ppm)

Endpolnl

KcptoducnaD,

Gniwili.
Lon^vily

Reprwduciiou,

Moiuliiy

lepioduciiou,
GiO will.

Lontcviiy

Giowlli.
Monality

Kcpioduction.
Ciiouili,

Longtviiy

filOMll.

MdLialily

Reproduction

Gfowili

RqjroduclioD

Cii»wih

ReprndudioD

NOAF.l.undy

couc (ppm)

5H6

506

50

506

50

506

5(1

93

93

93

LOAEL riudy

403

403

401

Convenient Factor

(LK t,ud/ LH
BW/davl

So«rU

(1.25

ORNL l'J%

0 2 5

OKNL 19%

0024

ORNl, ]'J9Ci

0 2 5

ORNL l'J%

0024

ORNL i9'J6

0 2 5

ORNL 19%

OU2-)

ORNL 1996

0 175

Camardese d al .
1 '}•)(!

0 175

CaiDVdeie d al .
1 i)9(l

0 175

Camardue a al ,

199(1

(w£/ke-div>

1 27

1 27

1 ?

1.27

1 2

1.27

1 2

16

t i>

16

(mn/k£-d«v> '

NA

NA

NA

NA

NA

NA

NA

71

71

71

«d«

1

5

4

5

5

5

3

5

5

5

Durtaiuty Fictori (UF1

Duntlon

1

1

1

1

]

1

1

1

1

1

End
NOAEL

1

1

1

1

1

1

1

2

2

2

I.OAEL

1

1

1

1

1

1

1

1

1

1

OUtcr

1

1

2

Jnkuown

l-ffcci
Level

1

2

Jhknawii

l-fUxi

Lcvd

1

2

Unknown

lilTeci

Lcwcl

2

SM1:

2

SM1:

2

SMP

Total IIV1

NOAEL

1

5

K

'

in

5

2li

20

jn

LOAEL

1

5

8

j

10

5

"

\d

10

lu

NOAEL TRV

(ma î-diiv)

L3KKJO

l.SKitJlt

2.5K4I1

l.SE-01

2.5E-tJl

1.1E-01

2.5K-U1

2.WMI1

•l.IK-OI

8.1 Kill

4.1K-IU

B.lltXU

4.MMH

S.lE-Ul

-1 llvill

(<UK/kK-d«v)

3.BEKJO

7.6l.-iitfl

7.6 KM) 1

4.5E-01

7.6E4I1

3.6E-01

7.J.K-01

o.ni'Xii

J.St'+fm

7-ii^ini

3.5LH-HO

7.lF.-tCHj

V5KMUI

7.1E+UD

351' KHI



NOAEL & LOAEL TRVs - ARSENIC

H*ctpt»r

Billed
Mnnfiilitr

(du-i>

M, ill, ml ]>uck

Mulliinl Dntk
(dU-0

tirL'LilLr-bi^i

Ciri'iilcr-Sn^i;

Study

Slaiik-y d ill . l'J'J4

No UtliHbli: TltV

Ifcr iv t i l io i i iDiJ i i ry lltV1

Maiiky cl ill.. [W

MulUliul .k 1KV
LitjhliJiiiij; Slndki I-miiul

D u i v L l i D i n DiUiiiy l l tV1

Ch.mlc.1

MuJium ajiulhl^

Sod,»m»»»ii

Rouu

Oral

Diu

Oral

Diet

1 )IL-I

Study Tell
Speciti

M;il],ud

Mdll.uil

Study F»ctor»

Dur»Uoo

Clnonic, X
wcuks

flimnic; B
wcdi

Chronic. 8
WWki

N

12|»in(2-(
ducks) pa diet

12paiiiO-l
ducki) pa did

12paiis(24
duuki>}pu did

Doui

4 doses of 0.25. 100.
100 ppm

(Mean at 100 & 400 '
93 & -KUppni)

4 doses of 0, 25, 100.
-1(1(1 ppm

(Mom al 100 & 400 =
93 & -103 ppm)

4 doses of 0.25, 100.
40(1 ppm

(Mean it 100 &. 400'
1J3 & -103 ppni)

Eodpolnl

Reproduction,
GlDVUll

Reprodueiion,
Guiwih

Rqiioduciion,

N U A K L M n d y
couc (PPm)

U3

93

l)3

LOAF.I. Judy
cauc (ppm)

41)3

4U3

403

CoQVtrtioD Factor
(kt; food/ ku

BW/davl

s.nra

O.P5
Cimardesedal.,

1 Wii

0.175
Cauiardeu a al .

19'JU

0 175
Caiuardcse a il ,

100((

NOAtLdotc
(me/le-dav>

16

K;

16

l .OALI.duK
(mg/kn-d»V) '

71

71

?]

Uncertstntv Fictori (TT)

Lilcr-
IPGCJH

5

S

5

Duration

1

1

)

End
NOAEL

2

2

2

point
LOAEL

1

1

1

Other

2

SMP

2

SMF

2

SMI'

Tot«l UF*
NOAZL

20

20

20

LOAEL

10

10

10

NOAEL TRY
fmn/Ue-d.v)

8.1K-01

•4.1K-OI

H.l^-tO

•1.1K-III

tut; in

LOAEL TRY
(pJn/kt-dHv)

T.I t iOD

3.5F+HO

7.lEt«ll

35fc.)00

7.1K+00



NOAEL Jc LOAEL TRVi - BARIUM

It *M L>(or

Dcir Mia
(HIlClT)

Hill MlLL (dkl|

Mhik(«. , lur |

Mini |.1JL>1)

Mii*ktd Shi-en
(WillLT)

Miikcd Shrew
<dkn

IUd Fa i (w.ltr)

Am eric* n

American
K o h i u f d k l i

Cliff Swallow
( t t l l l lT)

Cliff Swillow
lilk-1)

AmukiLii
KHlnl (»«ur)

American
Kvmrd uliui)

HJkd
KIllKfiJllT

ikiied
KiuiiGkliiT

<dki)

Millitd Duck
(MMli-n

Mallird Duck
(t ik i )

(;rilllM:(l*illlT

Snidv

I'uiy d ul I9B1

NoRelUbl*TRV
r:>i..i.iiJmii; study

Umvc from waia TRY

IVuy d ,il 1'JSJ

NoRHIiblcTRV
l^UliliJiiiiH Sliiily

Di-iive ftoui waiia TRV

l'ui> did 1 U H 1

No Reliable TRV
litl:il>llililii|; Smdy

Daive fruiu water TKV

1'L-iTYtliil 1'JS.l

NoRtlUbltTRV

Dmve froui waia TRV

No Reliable TRV

Dcnve from didaiy TltV

Jul i i iMHi d .d I'XiO

NoRcllkblcTItV
L.iiihliJiiiiU Sln<l>

Derive fruiu diuary TKV

Julmsuiirf .il I 'Jdi)

No Htllublu IKV
iLiiulilidiint; Shuly

Dcnve Sftui Jidicy TRV

Jnluiioncl id 1 HWi

No Utlliililc HtV

Derive from diaary TKV

Jolm-rfin ci al l%<>

No Reliable TRV
l-.tiil.lldiiiin Study

Doivc Bum iliaaiy ITiV

Johibinid ,d l%<)

N u l U I I u l i k - I U V
LiljbllJiiiiH -Shidy

Dmve fioui diairy TRV

Cbcmlc*!

jrium diliindt

ijnuiii dilondc

bnum Jiloiidu

lanuiu diluiidc

Route

Oial
Wiila

Oul
Waia

Oral
Wau

Oral
Wiiia

Oral

Did

Ordl

Did

Oral

Did

Oral

Oral

DILI

cudy Tr.[
Spcclw

K;ii

Kul

K;LI

Kai

Cliiiiui

( liitkui

Cluckdi

CliiuLun

t'liitkcn

Study Fictor*

Diir.rioo

I6nioul l i ,

10 llldlUlll

16 l l l n iH lb

Ib iuon i l i ^

4 wctks

iubchronit

4 witks

Subcbrouc

4 wccki

Subchromc
duiauiin

Subchiomc
dui-iiiUm

4 nixki

Subtiuotu
duial inn

N DOHI

3 exposures
1. 10. lOOppin

3 exposures
1.10. 100 ppn

3 exposures
1, 10. lOOppll

3 exposures
1. 10, lOOppin

250, 500. 1000. 2000.
4000. HOOD. 16.000.

32.000 ppiu

2SU. 500, 1000, 3000.
4000.8000, 16.1)00.

32.000 ppiu

B cxptKurcs

250. 500. 1000. 2000
4000. 8000. 16.0M),

32.0IXJ ppiu

B cxposuiia

250. 500. 1000, 2000
4000.800(1. 16.000.

33,000 ppni

IS OlpOiUlL'S

250. 500. 1000, 2000
HtXifi, Sril'iU. Ifi.lKiti.

12.0(10 ppni

Eodpolnt

Ginuilr.
lyjwiliaisKin

GunvHi.
lypcnciisinn

Giowih,
Ilypciionsion

UnnMli;
llypcrtuision

Murtali ly

Moilulily

Moiialily

Monalily

Miniahiy

cone fppm)

100.00

100 00

100 00

100 .dO

2.000

2.000

2.000

2.000

2.000

CDIIC liipml

4,000

4.000

4.000

4,000

4.000

Conversion Fmclot
{kB hodi LK

BW/divt

Sourw

Oi l i
Measuied m Sudy

005
vteasured in study

0.05
Meajurol in ^dy

005
Measured in audy

0.104

nw & TCNS -
Hl'A I'JBSa

0.104

nw & TCNS -
UI'A lUXh

0 KM

DW & rc:Ns -
Ll'A I ' JSKu

0 104

nw & FCNS
Ll'A 1'JUSi.

0 104

11 w it I:CNS -
l-l'A 1'JKBa

NOALLdoa;
(ma^e-d.vl

i l i f i

? ('!'•

iO( .

,„,.

j i)B

I:iiS

^'iR

IK;:;

2:iii

I .OAEI.dou

(tut/ke-div) '

NA

NA

N A

rJ'i

41"

•117

-JP

4 1 7

-1 1 '•'

I
nccrttlutv F.cion (UV)

3

5

5

5

5

5

5

5

5

Dur«tlon

1

1

1

1

S

SubchKmic

5

lubchinmt

5

Subcliroui

i

SutxJuom

5

Subchrom

End olol
NOAEL

1

1

1

1

3

I GAEL

1

1

1

1

3

Endpoini = Labahty

3 3

EndPotDi-Ldhalirv

3 3

Endpomi - Ldtuliry

3 3

Endpoini - Lahaliry

3 3

Endpoini - Ldludity

Other

1

1

1

1

1

1

1

1

I

Tolitl IT*
sfOAEl,

3

>

>

'

IS

75

7i

75

7.1

LOAEL.

3

S

s

S

75

75

7>

75

75

NOAEL TRV
(UIIL/kB-dHVt

I.7E+00

3.4l.<l)l l

1 .OV.+OO

~2.o cum

1 .<>K-i Oil

2.ot:*ou

l .Ottiufi

2.(lKi-(Ht

1.41-.. im

1.8K400

l.-ll-.-fU"

2.tu;-HHi

1.4Ki-ul i

2.8F.+UD

1. -IK Hit)

2.ar:i-i)U

i . -u ' i<m

2.8KtU(l

1.41-V(li|

LOAEL TRV
(mt/ke-diivt

S.lE-Mltl

l . l l l . T l l ]

3.KF.+OU

Ci.it: > mi

3.l)hVl-(H)

d . l K - f i i J

3.0IL-<-0(l

U . I K -Hi)

I.BK-Klii

3.6E-H1B

!.blvnm

S-ftK-tOII

2 . K K M I I I

5.6i;+(in

2.M i-(ii|

S.tiFHtll

I . K I : < - ( I I I

5.6t» (HI

2.Hr-HHi



NOAEL & LOAEL TRVs - BARIUM

Ueceulur

Grcalcr-Si(;c
(irons*: (tiki)

Study

Johibwid al I960

Chemical Kouta

Oiil

Did

StuJy T*»t
SpccUi

Chicken

Study F«clon

Duridoo

A wctks

Subdironic
JulTHllUl

N DOHI

2i( l . 500. JUOfJ. 2000.
4000. 8000. I6.0UO.

32,000 ppiu

Endpolnl

Mortahly

cone fppm)

2.000

cone iPPm)

4.000

CoDvcriioD Fictor
jky food/ Uu

CW.'d.v)

Source

0 104

uw &. I;CNS -
KI'A 1'JBba

(mit/Li£-Ji¥l

:-;K

fn.B^B-d«vl '

4 1 7

ll>.C»l

i

Inurtilaty Ficlon (UP)

Diir»tioa

i

Subchronic

EndnolDt
NOAEL | LOAEL

3 3

Eadpoint - Ldlulitv

Other

1

ToUl UF3

NOAEL | LOAEL

7* 15

NOAEL TRY
(me/If K-d BY)

i.m,+oo

LOAEL TRY
(mt/kG-dBV)

5.6004

WildlileTRViRFTxI
2/7/2002



NOAEL Ji LOAEL '{RVs - CADMIUM

Unccptor

l>«-r Miiv

'

MIllkfrilUT)

Mink idki)

MiuUJ Slirru

(uiiUT)

Miitliud Slin-^

(dk-lj

Uud tUI (WH(tl)

Hid luxtilkl)

Kulllll (HillM)

Aliiu-kiiii
Kiihin (clkl)

Cliff St«ullt>»

Cliff Swullun

(dii-i)

KMllt.l(tt.lUT

AllUtkMLt

Kvsitd (dfi-i)

Iklkil
Kiiinfiklitr

(njk-r)

lltlk'd
Kill Hi! 1JLLT

(dirt)

Study

Sdimuki it MinHi'iitf. 1971

WllsLlll Ll ill . l'J-11

Stiliincdd & MuJiaiia. l'J71

SLliroaliy & Miidicncr. 1971

Wilim a ill . l'J-11

Nu lUli.il.k TKV

IXaivcli..iii]>id;uy 114 V4

While & ];inky. 1978

No IMiulili TKV

Uunvu (him Nuaiy'lKV*

Wliiic £ HnlLy, 1978

NolUlinl.lt IUV
K>.la 1)1 idling Siudlt:. bound

iK'nvtliiiinDiiiaiy'lKV'

Whnc & l-'inky. PJ7S

NitKtlinl.lt- IUV

KkU M idling StudiM l-i.und

DaivcftomDiuiai-y'lRV1

Whilti l:inky, 1978

Chtnttul

tiluble taduiiuiu

('Kdmiuui

olublc ciclinium
sulis

Cjdnuuiii

diluiiUc

Mill*

Cadmium

Soluble cadmium

ihloiidu

('adiiiium

diloiidc

CjJllllLllll

diloiidc

Cadmium
diknitk'

Cadmium
dilondc

Ruule

Waw

I)IL1

Oinl

W.rtci

Oial

i)ioi

Onil

Witlu

DILI

Oi.il

W,ilu

Itul

Oral

Did

()Q|

Did

Oi;il

Oul

Did

Study Tt«(

Spiclei

Cliailrt
Rivu rn

Chai Ics
KiwifD

Mia;

Albino wii

fhailts
KivaCD

Miu:

('.linik-s.
Kivu CD

Miu:

Album i-Jis

Mj][;pd

MalUd

MalLnd

M;ill:uil

Shidv F»clori

DiitNlian

ClituniL, 3

Climnic;

Cliroiiic. 3
j2oiuiaiions

f.liionic;
1 Hit Jays

Cliuuiit:. 3

Tin-on ic;

Clironic- 3

Clmmic.

100 Jay!,

Chronic; 90
day.

Chronic. 90

d;iys

Chionic; 90

Jayi

Chionic; 90

uay>

N

U iiiiiivialspu

Jow; (;iuup

4 10 6aiun;J',

10 uiiinala pu

dow: jiitiup

4 10 6 ifiminls

ici dose giouji

KJimiiiiul^pa
dose gioup

•4 lo 6 amn.TK

11) .uiiiiiaJs yioi-

doscgmup

Kl'dilSC tl"U|>

3d ajumali[ici

doso 6"'up

20 nnimals pci
dose yioup

2(lnnii]ia]spa

ilosc troup

20 animals poi

doscemup

DOKI

I expsduiccflu

me.'!.
(0 I ppm in dia)

d ajwsuivs

(0 control. 31,62,

125, 2iO. 5011 ppi")

1 u\p.«mrcofHl

Jiifil
(0 1 ppm m did)

6 txposurei

(Ocoiilral, 31. 62.

125. 250. 500 ppm)

I nxpsouici'l'lO

niB/l.
(0 1 ppm iu did)

(0 control. 31. 62.

125.250. 500 ppui)

1 cxpsounst.rid

nig-l.

(0 1 ppm in did)

(0 control. 31.62.

125. 250. 500 ppm)

4 t\posuic giuups

(Ocouliol. 20. 2(iO,

2UOU ppm wn

wuighl)

4 cxposuic (-mupi

(0 ctmlml. 2U. 2lfli,

2000 ppm wu

weijiliU

4 c.iposiiii;pmiips

(Ouniliol. 20. 200.
2000 ppm wa

wciehu

(0 cpiilml. 20. 200
2000 ppm wil

Eod point

{cproduciioii

Growl b

Kcproduchon

Giowtb

HcpitiJuUion

Growth

Rcpioduciion

Growth

Ropmducnon

Rcproduciion

Rcpixidnction

Itcpi-oduciion

NOAtl, undy
cone iPPml

31

31

31

31

17.3

17.3

173

173

LOAfl.Wudv

co lie (ppnit

10

62

10

62

10

62

10

62

239

239

239

239

Couveriioti Fidoi

(Uji fund/ ku

BW/d»vt

Source

02i

ORNL l')9d

008

ORNl. ]')%

0 2 5

ORNL 1996

O.OB

nitNI- 19%

025

ORNL 1996

CIUB

ORNL 1 996

0.25

ORNL 1996

UllH

ORNL 1956

0 1

Measured m Judy

0.1

Mmsuicd in ̂ udy

0 1

McaMinxl in dudy

0 ]

Measuicd 111 Judy

NOAtl.doa.

(me^e-d.v)

NA

24B

NA

2 A*

NA

2 4*

NA

2 -la

1 71

1.73

173

I 73

LOAKI.duw

(me/ke-<i»Y> '

2 5

4.%

2.S

4%

2 5

4 ;)(,

2 5

4%

.H.9

23 y

23. H

23.9

UnccrtNlotv Fietori (VF)

Inicr-
iDcelct

1

3

5

5

5

5

5

5

5

5

5

5

DurHion

1

1

1

1

1

1

1

1

1

I

1

1

End olot
NOAEL

1

1

]

1

1

1

1

1

2

2

2

2

LOAEL

1

1

1

1

1

1

1

1

1

1

1

1

OUtcr

1

1

1

1

1

1

1

1

2

SMF

2

SMF

2

SMF

2

SMF

Toll
NOAEL

1

3

5

S

5

5

5

s

JO

7.0

20

20

UF*
LOAEL

1

1

5

5

i

3

s

5

Hi

10

lo

lo

NOAEL TBV

(me/lcK-dav)

O.f»3

<»&3

0.17

0.50

0.17

11.50

0.17

0.5(1

U.II4

0.119

(1.1)4

O U 5 >

l).ll-t

0.1)9

H.04

O.Uf)

LOAEL TRY
(mic/litt-dav)

1.5

1.7

0.5

l.ll

0.5

Ml

0.5

].(!

1.3

2. -I

1.2

3.4

I..1

2.4

1.3

l.J



NOAEL Jt LOAEL TRVs - CADMIUM

Itcctptor

MiilliJiiJ Ihu-k

Miilliiid Hunk

(ilkl)

tJrviiliT-Siiui-

(irnliw (Jill)

Study

NulU-lidlilvlltV

DuivclioniMidHiy-lKV*

Willie it I'mliy. I'll*

NulttliiilikTUV

DrnveJiiHii Didaiy I'RV1

Wlniuii 1 inky. 197S

Chemical

Cadiiiiuni
til loll Jc

Ciidiniuin
chlonde

Roucc

Oiul

Dili

Oi.il

DlLl

StuJy Ttn
Sptci««

M:i)liU'd

Miillai'd

Sindv F»cton

DurKtioo

Chronic; 90
Jiiys

Chronic; 90
day*

N

20 aniinuls per
duac gmu]!

30 animals pa-
dose gump

DOKI

•1 c^poiuit; groups
(Uuinnol. 20. 2(Ki,

2000 ppiu wd
wciBlm

4 c-tppsuic B'»ups
(U aniiinl. 20, 20t).

2000 ppm wd
weiphl)

Endpoiol

KqiitnUicuoii

Kcpmduaipn

NO ALL rfndy
cone (Dpm)

173

17.3

I.OALL Judy
cone fDPin)

239

239

Couveriion F»ctor
(kg food/ kg

UW/d»v)

Sourc,

0 1

Measured in Hiidy

0 1

Moasuicd in imly

NOALlLdnu

tait^i:-d»v)

1 73

L 73

LOAEl.do*

(inlt^e-d«v) '

? j y

21.0

IIn«rl»intv Factor* aT>

Intcr-
iptcici

5

S

Dumrion

1

1

End
NOAEL

2

2

point
LOAEL

1

1

Other

2

SMI:

2

SMI'

Tout UF*
NOAEI.

20

20

IDAEL

to

10

NOAEL TRY
(cuii/ltg-div)

n.iM

0.09

l).l>-l

O.U9

LOAEL THV
(mt/kii-d**)

1.2

1.4

\.l

2.4
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NOAEL & LOAEL TRVi - CHROMIUM

Rvccplor

IK-cr Mia;

""~"

Mink (nu lv r )

Mink (iliL-l)

M»*ed Sbrew

M-bUd Slinn*
(dU-i)

(

Ki-il l-oi (din)

AmtrluD
Itnl.ill ( U . U L I )

AmLTkHn

Cliff SiTillow
li iu lvr )

( Li 11 Suii l l t in
(iHi-0

Aniirkuii

Anuriam

Ildtid
KimjIikiiLT

(iriilu)

K";£"r

MilUrd Duck

Studv

No lU'lliihkTHV
LhlulillJiiii); Siudy

Derive fioiu diajry TRV

IvanLovic and hvus-;m;jin

NoRtllibkTHV

Denvu 6cm dietary TRV

Ivanknvii; and I'luissiiiann
l ' J 7 j

No Reliable TRV
Lltiuli l i iJi i i iK Sillily

Derive fiom diaary TRV

hnnkovio mid hcu^iumin
1'J75

No Reliable TBV

IJenve fioin diaary 111V

'"»

NoRelbbleTttV

DITIVC fioui diaary TltV

No Reliable TRV

Dmvc from diaary TRV

Ilj idLinctUJ I 'JBJ

NII LiLl i jbU IU\

Dmvc from diaary TRV

Nn lUliiibk I l lV
Lkl>il>liJiiii); Study

Daive fiom didary TRV

H,nv:lUiiCL-l ;il 1'jJiS

No RcllKbl* TRY

Dmvc from diaary 1T*V

Chtmlc-l

Cr'1

' l lHUll lUl l l OS id,

Ci"

Ci"

< In, ,„„_,„

( ]''

( r ' 1

( I , , , , , , , lull,

„-

t ' l ' '

RuuU

dial

Oral

Dki

Oi-Jl

Did

Oi.il

Oi.il

Out

Did

„„

Oral

Did

imdy Te»
Suecki

Kul

„»,

R.n

Kill

Ula.k dud.

Itl i l tk JuLk

Hliick lint;

Srudv FICIOM

DuradoD

0 days & 2
yean

Climnit

0 days & 2
ywu

( I l lL . l l IC

0 days & 2

Gnome

90 days & 2

{' l lLl l l l l t :

10 I lKilUllS

Cnncal

iS

l O m o i u h

Cniic.)

N no«j

'—

—

i%. 2>;'ii. 5u
u

1%. 2%. 5%

2 exposures

I0£ 50 ppm

2 exposure*

HlJt 50 ppm

2 exposures

10 & 50 ppm

2 exposures

10 & 50 ppm

Endpolut

IcproduciioD,
l-onetvily

leprciduclion;

ReproduciioD.

RfprnduclioD.

Reproduction

Reproduction

Reproduction

Reproduction

\OAKI, andy

50000

5000d

50(100

50000

10

10

10

10

I.OAF.I.xudy

SO

SO

so

JO

ouvtriJon ftttoi
(LK food/ LH

BW/d«v)

0.08
BW & FCNS -

J-l 'A I 'JSBd

008
BW & FCNS -

KI'A I'JSBa

O O H
BW & FCNS -

0.08
BW &. FCNS -

1-1'A I'J88;,

1) 1
DW -Dunmni;
l 'J84. I'CNS -

l l c inzaa l 1'JS'J

0 1
11W -Dunnmj;
I'J84, 1'CNS -

1 kin-/ dot \W)

(} \
HW -Dutuililii
I 'JB4.1-CNS -

l lunzct nl I'JK'J

0 t
UW -Dunning

llemita id 1'JS'J

4000

4000

4000

4000

1 0

1.0

1 0

1 0

NA

NA

NA

NA

50

50

5.0

5(1

Uuctrtilutv Ficlort (UF)

3

S

5

5

5

5

5

5

1

1

1

1

1

1

1

1

End

1

1

1

I

1

1

1

1

olnl

1

I

1

1

1

1

1

1

Oilier

1

1

1

1

1

I

1

1

TaU

3

S

5

5

S

5

5

S

UF5

3

S

5

5

5

S

5

S

NOAEL TRV

6.7F.+U2

1.3E+03

4JJI-XH

8.0E+02

4.0F.+02

8.0E+01

,,,,,0,

S.OE+02

l.OK-01

l.OE-01

1.HF-1II

2.0E-01

1. UK-Ill

2.0E-01

l.OLXII

2.0iXll

I.Ot-lJl

LOAEL TRY
(oie/ke-davl

»™

4.0E-I-03

l.IE+03

1.4E+03

1.2H-KI3

»™

1.JE+U3

2MK+03

5.11 K4H

l.OE+OD

S.OK-dl

l.OE+00

S.lll-MIl

l.OE+00

S.Ut-111

1. (IE tOO

5.11 H11



NOABL & LOAEL TSVs - CBROMIUM

Uectpior

Milliard l>ni:).
<<liui

(injur-huRL-
UrmiM: (wiiUT)

(irvHlu-SHHi-
(iniiu* (dkl)

Studv

lIlliUlllllL'Cl.ll I'JSJ

Nn ItUiiibli: JKV
LkiLililiJiiu^ .Study

Ucnvc from diauy Tit V

Ilindimuci;!! I'JSS

Cbcuiul

(•hmmiuiii
IHH.iiimin ajlUilc

Cr'!

( liiOLiiium
p<!|;iiSIUIIl yilliili;

Ci' !

Koutc

(ti-ul

Did

Oral

Dioi

Shidy Tcil
Sptckt

liliitk duck

Illjd ducL.

Study Ficton

DunUop

1(1 LlhilHlli

Ciinui]
IliCMilfC

Khiionilis

Cmital
liltiiayc

N DOM*

2 exposures

1(1 & 5()ppiu

2 exposures

10 ii SOppin

Endpoinl

ReprnductioD

RcpTodudioD

NOAtl.rindy
cone (ppm)

10

10

LOAKL hlndy
tune (ppm'l

SO

SO

ConverwoD Fictor
(ty food' k);

BW/d»vl

Source

I) 1

HW -Dunninu
t'JIH.FCNS -

Iluii/ci ol I'JB'J

0 1

DW-Dunniny
I'JS-liFCNS -

llama nl L9B9

NOAtl.doM.'
(ina^t-div)

1 (J

1 (i

I.OAtLdow

(mR/ltt-tn) '

5 0

5 0

luur-
JpMltl

5

5

Jnctrtaiutv F»ctori(tff)

Dur»liftn

1

1

End
NOAEL

1

I

lioint
LOAEL

1

1

Oifatr

1

1

Toul UF1

NOAEL

5

5

LOAEL

5

5

NOAEL TKV
(me/llK-dav)

l.OE-01

l.dL-OI

2.0E-01

I.OAEL ntv
(oiB/kt!-d»v)

l.OE+00

5.UL-OI

l.OE-tOO



NOAEL & LOAEL TRl's - COBALT

lUeeplor

llL-ti- Mia
l iv.Hi/i)

liter Miit (JU-t)

Mink (miicr)

Miok (did)

Milked Shrew
(«uitn

M Hiked Shrew

lUdFui(w*ur)

IU-(1 ful (,livl)

AmurUMn

AliKric:m
Mnliln (I||L|)

( l i fTSn-n l l i i i i

Cliff Swallow
(di l l )

Ki-sircl iHuli-r

Aiiirrk-iii
KitlrvKcli..!)

llvllcd
Kiii]>lihlu-i

(11 ;ittr)

Kilted
Kii iKl ihl iLT

(dill)

M:ill.uxl ihifl.

iMj||;ird Duck
idit-i)

<.r«.aUT-*iiii;<.

Study

NulU-UnhltTUV
l-.ti:ililiJiin|i Slmly

Iteive fioiu diduy TKV

Mulloiliiiui:! L- ia l 1-JK3

No Reliable THY
Kkli i l i l iJ i l i iB Study

Doive from diaary TKV
Mrtllaihaua a al 1985

No Reliable TRY
L.t.il.lidiiim Study

Derive from diflary TRY

Miilluiliaiici ei al J 'JBS

No Reliable TRY
L>(,iLliJiini; Study

lienvc ftuia diaary TRY

Mtil ldi l iauu LI ,d l 'JK5

Nil Itdiiilik IUV

Duini-liom l U J i u y ' l K V ^

H i l l l'J7-l

No ItJhilik' 1 UY

IK- in f l i i n i i lhd.uy IliV1

M i l l IV7-1

Nil Ki-liuiili: IKV
l.i l jI . l igii i inSli iaLvjlouii i l

I k i i v o l u m i l)iu,uy IK^

H i l l l')7-l

Ni , HUiiiltlc IUV
l^iuhl i J i i i i t -S i i idUtK c
iJiaiicJutm Dia.ny IKV4

Hil l ['J7-J

N o l U l i u b L T U V

I k i i M j I i i n n DjJjiy IUV 1

I l i t l 1-J74

Nu lU-liulili: 'l'U\
Lkinl . l i J i iu t i .S l i t i lUt lu t iLi

Di-uvi-l ioii i l)ia.uy I K V ^

Ckeuilci]

'obill chlondc

Cobjll chloride

Jobalt dilonde

Cobali dtlondL-

Coh.ill diloiidi.-

hcx.iliyiiiuLt

Colrill dilniiJc

licxjliyjnilu

l i ' l u l l diloiid

liL^lwtlialC

Coh.ill Jilond

IlLXilllVlll'ilk-

Coh.ill dilond

lii^ihytkjli.

Itoatc

Oral

Did

Oral

Hid

Oral

I J l U I

Oral

I>IU

Oral

Diet

On!

1)K1

Oral

Dici

Oial

Did

Oiil

Hid

tudy Te«
Specie*

Kai

Rat

Kai

Kai

Clutkcii

OllL-kL-II

C'liijii-ii

fliiiAcn

Study FNctari

Dur»tloD

98 dayi

58 days

98(Uy«

98 days

2 *u;ki

2 witki

2 WLVks

N

l O d i i t k i p n -

lOdnt-kspt i
llllSL (ilHUp

10 cliiL-kspn

10 diiLks pci
Just Blimp

If) chicks pa
Josi: yump

Do MI

(0/50/1 00/200/
3(JUMO(Minj'kii)

5 cxpusuits •* conui'l
(O'SO/IOO/200/
.KiO ' - ld l imn-k t )

(O/SO/1 GO/200/
30o-'-ti)o iiie/k")

i t\pn»uics + auiiiu
(O/SO/1 00/200'
JOO.MHO nig/kgi

i cvposuics + auiiui
(O/SO/1 00/200/
30(1/400 inu/kg)

Endpolnt

ItcpioduciioD
Tcsiicular

RcprodudioD
Tesiioilar

iliiUniaaliiin

tcproductiou
Tesiicular

di¥aioHii.»i

Reproduction
TcsiioJar

dqicnui.dioii

CilHMll.

M.nlalily

f mi wih,
Mortalny

(irow.1,.

Giouili
Mnnal i iy

OimHh.
Moiuiluy

NOAKL fl i idy
CODC (ppm)

ill

50

3d

50

5d

.OAKI.riudy
cone (ppm)

101)

1(1(1

Km

It 10

100

onverilon Fmdoi
(ky fuud/ k|t

BW/divl

Source

I

None ictiuiicJ

1

None icqiuiiril

None iwiuiitd

1

None rt-quiivd

0 11
From EoiSSL

Juivanon

0.11
From EcaSSL

d I I
From EcoSSL

(Jen v;ii ion

0 11
From HoiSSL

Jci^aiioii

0 11
From EmSSL

NOAEL do*
(me/kc-davt

NA

NA

M •'.

NA

i 1
* V.lji»ln.1 in .

1 i

•^liuflt .!! .!

1 <

1 .i

• A . l l i i W l l i i
( < : l l l (

i '<

( L l l K

I.OAKI,do«
(me/keJiV) '

20

,

20

20

vt-tini k-i '-S'l,
C ' l ^ n l U i i

CI. Ml . i i

2 'i
Ktcimi u-r r:.ii:;.

i i, f i | l - f ;

2 7

.1 U i . l l i i

2 ?

XOJOIIl 101 i.l'!.

.' k ( , l l '1

UnccrUintv Fictori iTJF)

luriT-
ipcciti

3

S

5

5

i

5

S

5

5

Duration

1

1

1

1

1

1

1

1

End olDl
NOAEL

]

I

1

1

1

1

1

1

1

LOAEL

1

1

1

1

1

I

I

1

1

Other

1

1

1

1

1

1

1

1

1

Toul UF*
4OAEL

3

)

i

5

i

i

i

S

S

LOAEL

3

S

i

i

5

i

i

'

5

NOAEL TOV
fuie/ke-div)

1.11". * (HI

2.2E+00

6.1K-01

I.3KI-OI*

t, 71' -1)1

1.31X11}

6.71-^11

I.3E+UO

t.Ji'Xn

J.TE-fll

1.3K-OI

2.7f:-fll

I .SlvOl

2.7E-4II

K.ll ' JM

2.7E-UI

1.11 -01

2.7E-01

1.31 ill

LOAEL TRY
(me/ki-duv)

.1.3K.-HM

6.7E+OU

2.11K.IIU

4 .DKi ( l (»

J .UK-t im

^.(iMrllU

2 . H I < i ( i i l

4.0E+UH

2.71-^11

5,51^11

2.71-Mll

S.3H-OI

2.7lv4U

5.3K-OI

2.71-MU

5.3E-01

2 7i -m

S.JE^l

2 . 7 I H I I

Wildlife TRVtRFT uls CoDall
2/7/2002
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NOAEL & LOABL TRVs - COBALT

Utuptor

{Jrvaltr-Sm-t
Cii.nx (tiki)

StiiJv

H i l l IU7-1

Chemical

( oh,,)i diloridi:

lnyilliydi.Hi;

Koiilt

Oral

DlLl

Sptcici

C'liidiCii

Sti

Dur.bon

2wi«k!,

N

lOdiickspci
dose jl i i iup

dv V»ton

DOM*

ittposiiiia + <xinlml
(0/50/100/200'
300MIKI mii'ki.')

Eodpolnl

Giimlli.
Mi)ii;i]ny

coac fppm)

5U

cone fpptn)

KiO

Caavtriioa F*dar
(l-K fund)' L|;

Ii\V/d.vl

Source

0.11
From EcoSSL

iia-ivauon

ftDK/ke-div)

1 .i

(nit/ke-d.vl '

^ 7
•,*d|UiK->l in tu)iini l'i 'i'i.

C.i m( uC li.'-Hoi

Un«rt»|ptv F»ctor» (UVt

ipcclei

5

Durarioo

1

End
NOAEL

1

point
I.OAEL

1

Other

1

Total IIF*
NOAEL

5

LOAEL

5

duK/kiE-dnv)

IJI^H

(tuu/ku-Jnvl

5.3K-l)t

Wildlife TRVs RFT «l6. Cobaii
21712002



NOAEL & LOAEL TRVs - COPPER

Utccptur

l)i:i-r Mia
(»iiu-r)

IK-ir Mia: (did)

MiiiLfriilu)

Mink (did)

i\l.ibki:d Shri-w

MiihUd MIIVH
(did)

Utd Fox (w liter)

American
Itohill (WiltCI-)

Aimrkan
Itul.in (did)

Cliff Sw»llon
(wiiltr)

(JllfTSwiillon

Ki-ilitl(»ulu-

Amcrkim
KivliiKilkl)

llclli-d
Kiiij-GdKT

(Walt/I)

lil'ltL'.l

Kini>fMi..r
<diU)

M.llirdDuck

Miilliini DiuL
(dii-i)

Study

IMwi u iU . IVJ3

Ikbend ;d . 1'J'Jl

Auleiieliel ,il . I'J82

No Rcllible TltV Ednbllilng
SllldU-l LhUllll

Derive Horn Wiilci IRV2

HeboilU ;il.. I'J'H

lichen ct.il , 1 !)!>.*

Auluididal . 1982

No Rclliblc THV Ertibliihmc

Ifcnvc limn Winer 1KVJ

No Rtlltbl* TRV E*«blj*ing
Smdli:* Found

IX-nvc liuin l)iu;iry IKV"

Jackson &. SLLVCIIMHI. 11)81

No Hcll.bleTRV E*»bliAlnC

SlnJio 1 ••mind

Da-ivcliimiDiJai-y 1RV*

No lUlliilik L'ltV L^-.I.LIJiliit,
Studk.l.nmJ

DuhvlunuDujuy'lKV4

Jatksmiii SlL\-i:iii(>ii, PJ8I

N.I lUlinlik TltV ]<:>J:il>liJiiiik
SlnJiftLoiinil

halve lu.in hidaiy \HV

J.icUm& SiLvaiiini. 1'JKl

No ItdlibloTRV EriibllAInc
SlnJi^ I'.mnJ

Daivc liiiiiihu.il> 1HV

CbomicMl

Copper sul&ic

Copper sullate

Copper sullate

Copper sulfiiie

Copper ftilfete

Copper sulfele

Copper o\iJe

1 (ipjiu oxide

Copper oxide

Ciijtpu oxidt

Rouio

Oral

Waiei

Oral

DlL'l

Oial

Wsiu

Oial

Wjier

Oul

hid

Oral

Waiu

Oral

Old

Oral

hi j

Oral

hid

Oral

Diu

hid

tudy TtH

U6C3I'I

U6C3l'l

Mink

ndC3Fl

l)6Cll;l

Mink

lihiiiCJi

Clnektn

Cliid.ai

Cluden

Study K»clor.

Uumrion

Suhcliiomt.
1 5 d.iys

Chionic, !)2
Jjyk

Chronic, 357
days

Subdirnnic.
15-i.iys

Cluonic. 92
Jiiys

Ihrottic; 357
Jays

Cluonic, 40
weeks

UiHinic. 4(1

C'linmic, 4C
weeki

CliiVLiic; 41
week-,

rimmiL-. 4(

N

annuals per sex
pei JIM (iioup

10^niin:Jspei
su>. pG' dose

BU*up

24;Liiiiiialspa
dose gioup

5^Tl!̂ mT

lOaniiualspu
KXpCTlktM!

t'oup

24 animals pn

22 animals pa
Jost l̂uup

22 ;uiim;iK per
doitumup

22 nninials pei'
JObCBHtUp

22 jnlinali pu
dose KI..UII

22 anuuils pa

Dot.

i cxposuies
(0, 300. 1000. 3000.

lOOUdnij; 1.)

li exposures
(0. 1000. 2000. 4000,
800(1. KJOOUmp/kn)

5 e.\pus>ires
(60 5 control. 2S. 50.

1U(J. 20()inp'k).')

5 exposures
(0, 300. 1000. 3000.

lOIHKi NIB/I.)

6 c^posuics
(0. 1000. 2000. 4000.
8(H)U. 160UO me/kg)

5 lixpiisiirci
(60 5 amlrol. 25. 50,

IUO. 200 ingAs)

6 UipOblllCi
(Ocoufrol. 150.300.
4Mi, 6(1(1. 7i(jppm)

6 opowivi
(Oconliul. 150. 300.
4Ml, 60(1, 7i()ppm)

(l CXpOSUK'J

(Ocoulrol. 150.300,
450. 600. 7iuppni)

6 e\rn>iiiivi
(0 control. 150. 300
-150.6(11). 750ppuO

(0 control. ISO, 300
450.6(10. 7i(ippni]

EnJpaint

(irov.1h.
Moualiiy

Repmduciion,
(iiowili

KcproJuciion
(Reptojuciivc

success)

Gixiwih.
MnH.iIUy

Hcproduelioii,

Kcpioduclioii
(Reproductive

iuceebs)

RupniduciHiii

KepiodLitiion

Ktliroduciioii

B^c™

NOALL ttuily
cauc (ppm)

1105

1105

300

300

300

300

300

UlAtlLrfudy
CODC (ppm)

160.5

1605

450

450

450

450

450

ConvcriloD Factor
(liKfiwcl/LK

BW/dav)

Source

1

None Knguired

1

None KequiuJ

0.16

USIiPA. IV'JI

1

NoneHcqmivd

1

None RL^uiied

0 16

USHl'A. 19'J3

(I 067

Mcisurul in duJy

(I Ofi7

Mmsuicd in sludy

0 067

Measured 111 dud>

0 061

Measniud in dud;

0067

Muisured in Jud

NOAEI.di.Hu
(»K/ki.-d»Yt

95

16H

177

1t5

loS

177

2(i \

20 1

20 1

;o i

ID 1

LOALLdohc
(mt^e-divt '

2i"

162

25 7

226

3ii2

2 5 7

S» 2

302

:i(u

.1(1. J

.1U2

UnccrtilDty Ficlort (UF)

luur-

1

1

1

5

5

4

5

5

5

5

5

Duration

5

]

1

5

1

1

1

1

1

1

1

EndpolDl
NOAEL

5

1

1

5

1

1

1

1

1

1

1

I.OAEL

5

1

1

5

1

1

1

1

1

1

1

Other

1

]

1

1

1

1

1

1

1

1

1

Tol.l UF*
iJOAEL

2i

1

1

12j

5

•1

5

3

J

5

S

LOAE1

2S

)

1

IJ<

5

"

s

5

5

5

>

NOAEL TRV
<mu/ke-dMV>

3.8E+UD

1.1KHI2

l.SKtOl

8SI-XIU

7.6L-()1

^.4E-K)1

4.4H+00

2.:t-H»i

J.lH-'+OO

4.DK.KIII

J.OM'im

H.Dt-i-Ull

2.01-Xiu

4.nr.Hti)

2.DL«ti)

•JM'.tllU

2.DI< Uld

.OAKL -n*V
(uic^re^>v)

'J.U£>00

3.6K+U2

2.6E101

i. 3i tin

1 .8K iflO

7.1E+01

6.4E+OU

3.2KHHI

3.iil-+(lii

t.OtUlli)

3.lii-;iiKi

d.uf.Htn

3.«E+Uii

6.iii;-n)(i

l.llt.tli)

6.HKHHI

.1 t i \ - illil

Wildhle TRVs RFTxIi. Copper
2/7/2002



NOAEL & LOAEL TRVs - COPPER

UtECptor

Urn,* (iVilUT)

(ii-uHi'i-Suyi

(iitmtctdkl)

Stiidv

Studkk fuiinil

naivuium ])iUiu>'IKV*

Jackson Ji Skvcmoii. I 'JSl

Chcmlul

('op]lt:l OMJc

RouU

Oral

UlUl

Study T*«t
ipcdci

Cliickcii

Studv F«ttori

Duntioo

Cluonic, -11)

N

22 nnmijls, PLT
Joic yioup

DOHI

d (apiiiurcs

(OcoDnol. 150,300.
-130. 600. 75(1 ppm)

Eudpolnl

Kcpindutlkni

NOAEI, Undy
cooc jppin}

300

I.OAK1, if ud y
cone (Dutu)

450

Coiivcrilon F.clor
(kjjf,md/kB

DW/d.v)

Source

0 (167

Measured in dudy

NOAKLduic
(mn/ke-diiY)

2 D 1

l.OAEl.dn^

(mz/ke-dav) '

lu?

Uncertilntv Ficlorf fUFl

inltt-
•pecki

5

Duntton

1

End
NOAEL

I

point
LOAEL

1

Oilier

1

Toni UF'
NOAEL

f

I.OAEL

i

NOAEL THV
(uu/ke-dnv>

J.ttL'Mllt

4.0V.+IUJ

LOAEL TKV
(ini^kK-dJivt

3.IM>>d>l

6.0 P. U'U

Wildlife TRVs RFT xls Copper
2171200*



NOAEL Ji LOAEL TR\'s - LEAD

Rccuptcr

l>i-t-r Mia

(mil IT)

l>LLr Mice (dill)

Mink (iiaiir)

Mini, (Uiil)

MaiUd Mirtvi

Milled Sbrew

(dii-'t

KeJ Foi (water)

Kvtl Kill (Jkl|

American

UuUlu (ivuivr)

Aimricuu
UuliiuWiai

CliffSwtllow

(WIIUT)

CUR Sw:illi>«

AllKTKMII

Amirkiiii

Kcklrd (dki)

Iklltd

Kiii|>fi>ln-r
(iviiU-r)

IkllL'J

KlllKl»lKT

tdi«U

Siudv

Sdmiuki 4: Mildiaici. l 'J71

No Rcllibk TRY Ertabhrfiiag
SliidluttoiiiJil

Deiivclioiu WiJa IKV1

No RcllibleTRV E«»bllAlDg

Simile J'uiiiid

Dumjlium Diauy 1'KV*

Hiii-uiuA Cuw[!ill, I'J.tB

No Rclltblc TRV Erttblliine
SiuJickl-oiiuJ

Uaivtlii-in W-Ja lltV:

No RcllBblt TRV E^ftbliAiog

Siiiilk-k Lumiil

Daivt li.Mii Diiiiii-y IRV*

IUnv,iuii (o^t-ill. I'JW

No ItclbblcTRV Ertibliriilui:
SiiidivKl'iiiinJ

DuivcIuniillidiiiy'lKV*

UUcus fit tiarlidi. 1'JHl

No Reliable TRV Erf«bll*iDC

Shidii. loiind

DtJivtiiiHii DiiaajyTKY*

Nu lltliubli: HtV Lrtul.lidiiuy

DmvtriLiiiiDid.ny'lRV1

l-da»A(iulidi. l'J83

No Udinhli: MtV LJiilillJiiin-

SluiliL, Kuund

HaivLliiun Didji-y IRV1

1-iUai-,* (ialnii. L'JSl

Chciulcjil

Soluble lad sail

LcndiitUiiic

l.Md atuUili:

l-CiidawuiH:

l.aiJacWHlc

1 ̂ lll IVCClM'i

Rouu

Oral

W;iiw

Oral

Dm

Waiu

Orel

l)i«

Oial

Uitt

IJici

Oial

\->'M

Oil

Pin

Study Jin

Specie*

; bar la River
CUMio;

lhlKS

•hules lUva

lh.̂

L^Unni liuis

l^liornlun

1 qjlwMulra

Duration

Chuwiit, 3

ClllHlllC.

piciviKil + 7

moiiilb

riiuw.t;, 3

(•IIIOIHL-.

,Uciulal + 7
JllOlllllS

Cliionic. 10
wo:V.i

(during it-pro

aniinic;liJ

(durinji icpii
dui;ii(iiit

wcuks

(Junnu iepi(
ducliun]

Cliioiuc, 10

w-^Vs

(duJlllg IV[)I-
duel ion)

Stud

N

lUiuiiinnlspu

dost; yi.iup

to 4 ajujials pa

dose £ii>up

Hi imnv.ali p«i

2 to 4 aiiiujJspei

doicjjunip

20or4[),uiii]i,-ils

pa (kiwi tto-jp

2lior4(jajiJin;il

IKS do»; group

2U 01 40 ajniiul

pa Jo*: ti>'"P

DOKI

1 cxpiisiiiij

25 mt/l. + (i 2 ppiii

•4 L.\pUSlllOS

(2 control. 2S, SO.
luO ppni)

(25 ing/I. + 02 ppiu

J exposuvw

(2 connol, 2S. SO.

Iliuppml

3 m i iaiw«ii*

Exp 1-0.25. SOppm

Lxp 2 -0. id. 100.

200. AW ppm

3 or 5 tsposuivs

Exp 1- 0.25. 50 ppm

LAP 2 -0. 50. 100,

200. -tW ppm

3i>r3tt|x*iin:s

Expl-0.25.SOppm

i;\p2 -d. 50. 100.
2<iO, 400 pjnii

l in- 5 uipnsurcs

Exp 1-0. 25. SOppm

I:sp2 0, 50, 100

200. 400 ppm

Endpolpl

<fpioduciiiin

Ceproduclion.

Oromli

Repioducrioc,

Uqiicniuaioii

(I^gB

(1*6
pipducnon)

Rcpuiduciioi

*i:et
proiluLlinnl

UtpivJvic.iio

(l:yB
produciioii)

NOAMLtliidy

cane fuuin)

52

52

2S

25

25

OAEI Uudy

cane (ppml

25

102

102

SO

50

SO

Convcrilon Ficfur
(Ly food/ kg

BW/div)

(J.25

Sil.tSE l.LWIH. VW'J

0024

ORNL. 19%

Sasi I .avis. I'jify

0 024

OltNI.. 19%

(1175

Sax.fcl.avis. 19K

Sax Jt Lo-vis. 19B

0175

Sax & I.LWH. I'JH

0 175

Sii*&l.avis, 198

NOAEI.dutu
(mtA£H-d.Yl

NA

! 25

1 2>

43i

43E

4 IB

l.OAEI:d»M:

(me \B-d.vi '

»25

2 4 5

245

675

8 7 S

&.1S

Ililtr-

1

4

3

5

5

5

Durntton

1

1

I

1

1

1

End
NOAEL

1

1

1

1

1

\

}

oloi
LOAEL

1

1

1

1

I

1

Oth<r

10

i; (ILL-IS

1

UlVctls
SCCII 111

uiao

1

\

1

1

Tot*
TOAEI.

Ju

4

3

s

i

5

1̂
LOAEL

10

4

.t

S

5

5

NOAEL TRV

fme/kc-dav)

I.ltJll

4. 2 Mil

1.6 HI)

3-lE-ul

83r.-fli

2.JIMH

4.1E-4)!

•1.41-XH

8.HE-01

4.4IXH

B.tJE-Ul

4.41 •:•«!

8.HE-U1

LOAEL TkV
(ui£/keil»v)

6.3t-«ll

l.3t-nt)

3. IK -111

<UL'-Ul

2.5L-OI

-f.ir.-4ii

8.2E-OI

K, HI Mil

\.BEi-Wt

«.H !•!-() 1

1.8E-IUO

tJ.Xl <M

I.HEvoO



.0?

NOAEL & LO/IEL TRVs - LEAD

Ucccpior

Mill.rd Duck
(nillLTJ

Mi, Hunt Duck

((Hi:!)

CrinliT-Sii^f
Cnmw <dkl)

Study

No RclUblc TRY EiUbliAme

Si » Kiiiuid

l:dcns£iiiirlidi. 1'JHl

Ik-m'clioinniJiiry 'IBV*

Ldeiis & Oji-Lidi. 1'JBl

Chtmiciil

I.c.idaci;iaiL-

l-Cddama^

Jtoute

Ora]

Did

Oral

Dili

Sludy Tvit

Sptcici

Leghorn hciii

l-^liom!iais

Stiidv F*c(ori

Duration

Chronic. 10
wixki

(duniit icpiu-
dutliitnj

wais

(dunne wpiv-
Juclioii)

N

20 ovlO iinini.J-.

per dust Bioup

20 or 10 siimiiils
per dose fiuup

I>OMI

3 01 i wposuius

Exp 1-0,25. SOppm
I!xp2 -0. 50. !UO.

20(1, -100 ppni

Exp 1-0, 25, SOppm

I: \p2-0. SO. 1011.
200.^00ppm

E&dtiaiDt

Kcpioduchon

(Lfg

pmduciion)

Rqirodunuiii

(HUB
product ion)

NOAHLriudy

cone (pgm)

25

25

IXMKL Uiidy
couc (ppm)

SO

SO

"ouvtrtion Factor
(LB luod/ ky

BW/dav)

Source

0 1 7 5

Snx£ Lewis. 198'J

0.175

SuxJt I.avis. 19B9

NOALLdou

(mit/ke-d.v)

4.1R

4.U

LOAtXduu

Cmz/kg-dav) '

S ' ? S

h 75

Ihtcr-

•Ptcici

5

5

Jnwr«iDtv F»cton (UF)

Diir«riod

1

1

End
NOAEL

1

1

oliil
LOAEL

1

1

Odier

1

1

Tolil UF5

NOAEI.

5

s

LOAEL

5

.5

NOAEL TRY
(nie/ke-dbv)

4.-ir-tii

8.81X11

-I.4K-UI

«.ttV^ll

LOAEL THV

(mfc/liu-d.v)

h. HI- -in

l.fifM-UO

HHtMH

l-Dlxm



NOAEL & LOABL TRVs - NICKEL

lUccplor

IK-i-i Mia
fttilll-l-)

IKlTiMla. idli-lj

Mink (WJIIT)

Mink (did)

(w:iU-| )

Masked Slircw
(Ji.i)

Itvd Fai (wiilcr)

Uid 1 i.x (dill)

American
Kuliin (ttiidr)

Anii-rlcsin
Uiil>iii (Jiii)

Cliff Swallow
(niilur)

ClIfT&wiilliiu
(ilki)

Aim.iit.iu

American

Del ltd

(uulu-j

lli-llvd
UliifilMiir

(dilrlj

Mulliid Duck

Miill.ml Duck
dtk-M

(irtoUi-Siiui.

(irciihT-ii.it;!
<;...ll«. <dKlJ

Sludv

ijiiiilli J .il , I'J91

Amhmstu jl . 1976

Siniiha;il . 1993

Amtm.sudaJ . 1976

Sunlli il ;J . I'J93

smiiiiu.ii , ivn

AmhiuiCd ;il , l')76

No Reliable TRV
l':»liilUiJiinn.Stiid>

Derive from iliaary TKV

( am£ I'alloid, 1'JKl

No Reliable TRV
tkluliliihiiinSliidy

Derive fj-0iii diaary 111V

( aiu& I'iiliiHd, 1'jK]

Nu lUlluhk IUV

Derive ftuin diaary THV

'

LUiililiJiiiiH Siiidy
Dowe finui diaary TRY

Caini I'.JUuJ, I'JKl

No RclUbL* TRY
F,.inl.liJ.iiii- Study

IXiivc from diaary 'HIV

Ci.iii.fe 1';UH.|J. I'JHl

Nu Itdiiilik'IliV
Kiiulilldiiii); Snidy

Dtiive from diaary 1KV

C'niii Jt I'iJlitiJ, 1'JBl

Cbamlo.1

Nickel chloride

NickLl .suliiitu
hcxaliyJi all-

Nickel diloride

NickL-1 snlfaii;
Lic-.uliyJi.-iiV

Nidd cbloritk

Nitkd sulfaiu
lu-*nliyJi;ilc

Nidcd dJondc

Nickel suldio
liL'Miliydiuli;

Niiitl sulliilc

Nickul ailf;i1c

Nid<d sulfuic

Nickd ailfjlc

Nid-ul uillinc

Rout*

Dial

Waiu

Oul

Uu

Oral

Waia

Oiul

Uid

Oral

W.llL'l

Oral

Did

Dial

Wjia

OlTll

DIL-I

Oral
DlL'l

Oral
HlLl

Oral

Oial
Did

Oial
IJi^i

Sptcici

Kill

ong-Evins
lillS

KJI

/ing -Evans

Rai

Long-Evans

Km

Mallai-d
du.l

Mallaid
dua

Miilliii'd
dut

MslUd
duO.

Miillajd
lIuL'k

Mall;o-d
dud.

Study Ftclon

DiirMtioo

llldlllll
1 \ wks pn:-

t^taliont

C,,,,,

C'lironit; 4
iiioiuh

(11 wkspie-
UCiiaiion)

] gCllUillldlVS

Cluonn:

C'li ionic; -1

(11 wksprc-
guslulion)

3 liuioraiions

C'lironic. 4

(\1 w'opre-
t^iauun)

90 days
Subhrouc

'JO d.iys
Subb/tiiiic

Subhrome

!)(i days
Subhiamc

UK d.ys

Subui(inic

90 d,iyi

N

doii; yip

60 aiulinals per

3-1 funalfs pa
dusi: gl])

miiiialc per dos

U fi-inalcs ptr
duso yip

60 amiujals per
dust; yip

14 iciiialts pj'
dost- gip

60 auiimals per
dusu gip

36 uiitnuls pa
dt>sc yip

36 aniniiJi pa-
do* BUI

30 animals pa

3unji)iiiiilspd
dnai; jiip

36 iunmais pa
dow; ^'p

36 animals pt
dr*: iin>

DOM*

-) cxpiiiuit-s
(couuol.XX.XX.

XX ppmj

4 i»|x.suitt,
(coutrol. XX. XX.

XX ppni)

3 isiposiiics

25(1. 5Wi. llidd ppm

4 C*pObuii:.s
(conliM.XX.XX.

XX ppni)

3 wptisuw*

250, iUd. lUOd ppni

^ C>.poiuli'a

icoottol.XX.XX.
XX ppm)

3 lApOiUlL'.s

250, 50(1. 1 Win ppm

3 ^xpi'iiiiCi
176. 774. 1069 ppm

3 cxjxwiiics
176, 774. 106'Jppn

176. 774. Ili6'.ippn

Ji exposures
170. 774. 10(,V ppn

3 nposiiii*
17G. 774. 1069 ppii

3 rapusuK-b
176. 774, luM ppii

EDdpoiol

Kept ndncl ion

Rjproducuon

Kupiodudiitii

Kuproduciuni

"«"M™

Hcpivduciii.n

Monaliiy:
Ciioviili.
bdi:i\ n>i

Moilaliiy,
fiioivili.
Ucliavhir

Munaliiv.

Iktiavioi

Monalny;

BdiaMor

Mimality.
Gin wth.

nchn-ioi

Mniialiiy,

Hclia\ioi

cone (ppm)

500

500

500

500

774

774

774

774

774

774

eouc (ppm)

13

1 3

13

1.3

Converiiou F.dor
(tt fuud/ kn
DW/d.v)

Source

1

None Ktijuiivil

OUK

BW &. FCNS -
i;i'A PJ8Ha

1

None Koiuiiud

008
BW & FCNS -

i:i'A I'JSBa

1

None Rcqui.^J

OOM
BW & FCNS -
lil'A l>JH8,i

[

None KCQUIIU)

008
BW &. FCNS -

lil'A 1'JSSu

(1 1
From study

0 1
From study

O.I
Pioin study

0 1
From study

0 1
From study

o 1
From fludy

NOAKI.duK
(mt^e-div)

NA

4(1

NA

40

NA

40

NA

4d

77.4

77 -1

77.4

77.4

77 4

77 -)

l.O4bl.df>fc
(me/kB-div) '

1.10

NA

1 30

NA

1 30

NA

1 3d

NA

NA

NA

NA

NA

NA

NA

Uncertainty Fit Ion OJF)

InlL-r-
ipccic*

3

3

S

5

5

5

5

5

5

5

5

5

5

5

Dundon

1

1

1

1

1

1

1

1

3

3

3

3

3

3

Eod olni
NOAEI,

1

I

1

I

1

1

1

1

1

1

1

1

1

1

LOAEL

1

I

1

1

1

1

'

1

1

1

1

1

1

1

Other

1

1

1

1

1

1

1

1

1

1

1

1

I

1

Total IT*
fOAEL

3

3

5

5

5

5

5

i

15

15

15

15

15

15

LOAEL

3

3

5

5

5

5

5

5

15

15

15

15

15

15

NOAEI, TRY
(me/keJnvt

I.4E-01

1.3E+01

8.7E4!

B.OEHOU

I.7E-01

8.0E+00

B.7E-01

I.OE+00

1.6h><m

5.1E+00

I.6K+UH

S.7E+00

2.6t+nli

S.lE-KlO

2.6K+UU

S.2E+00

2. 6 lit 00

S.lEtOO

I.61XKI

S.2E4«0

I.OAKI. TRY
(iu£^e-ai>vt

4.3E-OI

4.0E+41

26H4II

Z.4E-I-01

l.tE-01

2.4E-HU

2.6E-01

2.4E+01

7.7E-f(lll

l.St+01

7.7K+UII

1.5E-KI1

7.7E+IHI

1.5E-f01

7.71'XKI

1.5E+01

7.7LXK1

l.SE+01

7.71if(HI

I.SE+01



NOAEL & LOAEL TRVs - MANGANESE
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ciiir&niiiiuw
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Study
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Dmvi: from dietary TRV
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Denve fiom diaary TRV
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KiliiUlidiiiiu: Study

Derive from dietary TKV

\;iAi:y U id !'.)»>
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Liiskey d nl 19K2
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NoRcliiblcTRV
KiiulilithinuShidy

Dmvc fiom diaary TRV

Nu ItUinbk lltV

KklnliliiJiiiiKSiiid)

Doivc fioin diaary TKV

1 ii->ki:> ;uitll:duib 1'JKJ

Nti KLliuliln'lUV
K«l. ilili tiling Siuily

Derive from diaary TRV

l.H-,k«y and l-dciis 1^5

NoRclUbltTRV
KitahliJ.innSlnJv

DOT\cfi«ia diaary 'IHV

1 .istcy.llld llJui:, I'jai

Cbumlol

M.mt.nn:si;

ll^J(J^;

MiuiyiiiK-iu

M.uiguncsi;

DXldl.-

MaiHiLint.-̂ -

(IMjt

Manpaiwsc
oxide

Mamtaiii-st

MaiitifincsL-

o\idc

Miin^iiitL-^

nMdc

Miingiint'St:
DMdi;

H01I(4!

Oul

Did

Dia

tiui

Did

OKI I

DM

Dial

nk-i

Did

Or.il

Did

(lul

Did

Did

Study TMI

Snecici

K.ii

H;A

K.n

Jspnncst-

Japanese

Jnp.iiii;̂ .'

l|IL1ll

J.ipaiicsi,

quail

Jaivini.'.sL1

qujil

Shtd-yFkcton

Dumtioo

224 days
(lllUlU^ll
UCMillli'lM
Gmjl

hlU^C

?24 Jay.s
(Iliiou l̂i

Cnliol
liibutLL-

224 days
(ihiouiili
JJCSUllH'Jll

lil^uiyc

224 d;i>'i
(Ilimunh
gCiUilU'll)

Crilial

7S days.

Chronic

exposure

75 days

Chrome

expo suit

7i days

Chrome

7ida)a

ChiPEic

Lxpoiui t

75 days

Chionic

N DOMI

3 tx^Mia-i

50. 1050. 3SOOppme
5ll [ipill h.Tiu) dm)

1 e\posurL'\

50, 1050. 3500 ppmft

50 ppni hasdl Jin)

lapt.niift

SO. 1050. 3500 ppm(f

50 ppin bdsal diu)

3 exposures

350, 1050, 3iOOppm(f

50 ppni Kivil duj

1 exposure

5000 ppm (+56 ppui
ba-al did)

1 exposure

5000 ppm (+56 ppm
haialdid)

I exposure

5000 ppua (+56 ppm

bawl dial

1 exposure

5000 ppm (+56 ppm
haijldu)

1 exposure

5000 ppm (+56 ppui

ha^l iiia|

Endpoint

HopioduUiou

Kcpioduciion

Kepmducmm

RqiroJuciion

CiiwUh,

Aggiejrive

bcliawior

(lllWlll.

Aggressive

bi-liavinr

OiowUi.

Aggressive

bl'llilMOf

(iuwtli.

Aggressive

Uluvun

litoviih.

Aggiesstvc
hduvinr

NiJAIOI.Wiidy

couc (ppui)

111)0

Hud

HUU

11(10

LO J.L1, rtudy

cone (ppm)

35SG

355(1

355U

353(1

Convcr.iop Factor

(L|lcinil/k|i
HW/iU-rt

Source

oos
UW & FUNS -

i:i'A I'lHS.i

oos
BW & FCNS -

lil'A I'lSBa

O.U8

BW A FCNS -

ni'A i'.)»8,i

008

BW & FCNS -
j;iJA I'JMB.i

1

None itttuiivd

1

None icquiied

1

None tu|uiiul

NoneiL-quned

1

None luiuiitd

(mtnLK-Am)

B:J

KB

s>

it:;.

NA

N/\

NA

NA

NA

(iae/ke-diY) '

.M

:•)-!

i^4

-»

Repwla] in
>h!-.K

Repfilctl ui

-.ii-Jy

.iv.1

Rqimlcd in
stud-.

')',"/

RciK>nî  iii
Mli-Jv

ItCpl'llul ill

%ll. U

\»LtrtnlnWF»ctor»(Tjri

..p l̂ei

3

5

5

5

5

5

5

5

5

DuritJoii

1

1

1

1

1

1

1

1

1

End olDl
NOAEL

1

1

1

1

1

]

I

1

1

I.OAEL

1

1

1

1

1

1

1

1

1

Otbtr

1

1

1

1

1

1

1

I

1

Toi.l UF*
VOAEL

'

5

5

5

»

i

5

LOAEL

3

5

5

5

5

5

S

NOAEL TRV

loie/kifdiiv)

l.rllMjj

Z.9K-HM

tl.KI1 -<(Ki

1.8K+01

H.KIXKI

l.SthU

H.fiK'Olt

3..»I'MH

d.SK-rOl

3.3F+III

6.5tiul

3.3I'-HH

6.Fi-;*fli

3.JF+1II

6.5E+01

3.Ji-:Mii

LOAEL TKV

(niK/kesUv)

•1.71': i r ( j

9.SKMH

LSI' HH

5.7E+01

J.SI-XJ1

5.7E+01

l.XK-iOl

V.K1- KM

iDK.Hii:

").KV+(I1

l-ijb;iin

!*.«!• +dl

:.«K'ii2

4.8K+UI

2.0E+n:

9 t> t < l i l
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NOAEL & LOAEL TRVs - MANGANESE

ItieccpKir

(Jrvulcr-iiiiui1

(in:ulLT-Sut;i:
(,IUMH {iliut)

Stiidv

Nu ItUiiibU TUV

Donve from dietary TRV

l.mkoyaiid 1'ilais WHi

Cbcmical

Maniunau
o^ido

Route

Oi,il

DlLl

Smdy T«r
Spedei

J.ipnnc*c
quiiil

Stwdv Fwiori

Duration

75 Jnys
Chiooic
o\posun;

N Poici

] oiposure
5000 ppm (+S6 ppin

has.il dia)

EnJpolpl

Cirowili;
Aggressive
K-liaviiH-

NOAEL study
cane (PPM)

[,(»AL:I, ttudy
cone fppm)

Convcrilon Ftctai
(kg fimd' ty

BW/d-vl

Source

1

None nxjiiiiLiI

Nf)At'I.t)niv
(nit/kB-div)

N'\

l.OARI.doa
(me^i.-d»¥) '

l
jf"

Kt^t'ital in
^ll|.^^

ipecici

S

Jnt*rl»lntv F*c4ort fllF)

DunrioD

I

EndDolm
NOAEL

1

LOAEL

1

Other

1

Ton! UF*
NOAEL

5

LOAEL

s

NOAEL TRY
(lue/kt-d.V)

3.1tHll

t..SF.-i-bl

LOAEL TRY
fmt^t-div)

0. fit MM

i.Dionji



NOAEL & LOAEL TRVs - INORGANIC MERCURY

IK-iT Mil*

)>tti Muv (dklj

Mink (»uii:n

Mitkcd Shrew

.Mil-kerf Slirtu

(dkt)

™,,,

AmcrjciQ

Uultin (it-iiLT)

AlllLTiaill

Unliiii (dii-t)

(did)

Anurltini

Aiiitrlaiii

IK-lk-J

(H'llltT)

llilhd
Kiii|>GbJii.-r

(dii.1)

Millard Duck
(11 .llLT)

Mull.ird Dntk

Study

NnlUliiilikTUVF.a:il.llJiliiu

Siiidkiloinid

Derive lioin Dmitry 1KV*

Remcuil.. Il/K'j

No Reliable TRY Eriibll&lnf-

Daivel'oniDuaiy 1KV4

No Hcll»blc TRY E«bli*in8

Dain: Jmiii Du.uy 1KV1

»— .!.,«

No Reliable TRY E«»bli*ine

Aulwitli d ul , I'J74

No RcllRbk TUV E«ablliing

Mill & Si)ial)iiei. IWi

DenvelLonilJiJ.iry IKV*

Mill & SJunner, l [J7f,

Nu lUli.ililc 1HV KUiil>IUiliif;

Iknvcfioiu DiJiuy 'I'HV4

Slndk. 1'Oi.nd

DtiivtliLim Didui-y IR1/

Mill & Silidlliioi. l'J7d

No Rcllibk TRY ErtibliihlDt
Sindlti I'oiiin!

MillA saullhei. l'J76

Cbemlcul

M^amc

""— "iJ'

Meituin;

Mei'tunt

dlldllLk

Macuni;

diloiide

Macuiii:

Mueunc
dllnlidc

Ma-cnnc
diloiide

Oral

Did

Did

Oral

Oi.il

Did

Did

Did

Did

Oul

Did

(ti;il

Did

Study Ttti

Mouse

Mv.LI.C

(1/^spt

Mink

""»"

Japnlltic

JapBiiiA:

Jrr

'qiinil

Duration

Chronic. 2(1

uidudol 6 mouth

Subtliionit. d

Cnlical life stage

Cliuniic; 20

numllii

included 6 inonlb

Snhdiionic. 6

Cniital life stage
(kii diMiLop )

Criiial lifcslage

Chidiiic. 1 yen-

Cniical life stage

(liinUiliny)

Lhronit, 1 ycir

Critical life stage

Clinmic. 1 >•«,

Critical life flage

(li.-iidilingj

Stiid

N

,***,„

IS anuualspa

Dow.

(Highest dose = 132

iiiB kg-d;iy)

(10 pnm)

30 cxposuics

(Highcsi dose = 132

1 exposure

UOppm)

(2.4, B. Ib. 32ppm

(2 ,4 .8 , 16. 32ppm

(2. 4. S. 16. 32 ppni

5 exposure-s

(2.4.8. 16, 32ppil

(2, 4 .8 , 16, 12 ppn

EndpoLnl

Rcprodiiciion,

Monahly.

Histology (hvu.
kidn^'l

Rcpicidudion.

Rcpioduciion.

Moiidlny,

KcproducliiJii,

Rirpioduciion.

Reproduction.
DevelupiiiJiinl

Kcpioduction,

Rtpioduclion.
Devtlopiiiailiil

Rcpiodnciinn.
Dcvelopmenul

NOAt.Ldudy
tout (ppm)

10

4

4

-1

4

I.OAKl. Uiidy

CODC (ppmi

B

S

8

K

Convtrnon Faclor

(i,K fuud/ k);

BW/div)

Sourc*

None required

Blcavmi Si

Auleiidi. 1'JKl

1

None rciiuii-cd

(1 137

Blcavifls &.

Auliaidi. I9BI

u 113

ORNL. l')'J6

0113

ORNL, l'J96

ORNL, I9'J6

0113

ORNL. IM,

0 1 1 3

ORNL, 19'J6

NOAKI, tluu

1J2

1 * 2

1 A

"«

04.1

(i.-tj

0.4S

lOAKLdon

NA

NA

TJA

0 t'O

09U

„,„

„«•,

Jiik-r-

2

5

4

5

5

5

5

nccrlulDtv

Dun don

1

1

1

1

1

1

1

Pictori <UF

End
NOAEL

1

1

1

1

1

'

1

1

olot
I.OAEL

1

1

1

1

1

1

1

Otlur

1

1

1

1

1

1

1

Toll

2

>

A

>

i

5

5

IIF1

LOAEL

2

i

4

5

i

5

5

NOAEL TRY

.1.311

t.6

,,„»

1..1Z

J.h

H.I7

0.3

0.05

0.09

11.05

0.09

(1.115

,m

(I.D5

0.09

LOAE1, TRV

(uiit/kif-diiv)

,,

20

:.i

4.,,

7.9

li.fi

i.n

0.1

0.18

0.1

(J.1&

O.I

0.1H

,,

0.1N



NOAEL & LOAEL TRVs - INORGANIC MERCURY
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8
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0 4 5
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5
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End
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1

point
LOAEL

1

Other

1

Toui iir*
NOAEL

>

LOAEL

5

NOAEL TRY
(me/kK-d*v)
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IX)AEL TIIV
(ue/kf -«!•>)

O.I

O.IK



NOAEL i LO.4EL TRVs - ORGANIC MERCURY
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1̂ 1

Km

lajwnuic
qiuit

Jap,ine,c

Inpuiioac

Jiip.mciC

JiipanuiU

Stiidv F«clon

Dur»don

( liioiuc, 2yi:ii

Subclnonic; 93

<„,„„!, 2 ,.„•

Suhchionic. 53

Clinuiii.. It wtiki

CLIIIQ] liksu^i;

Cuiiaj] litMayo

f:i-niail liL-iingt.

-

Cliroint, 9 wotk

( iiiiuillifcsinyL

C'niial lifcsiagL

N

sex JKT don;

group

5 finiialoi pa

iC.< |lî  Just'
eioup

i funnies pei
dow: yi\iup

1 i animals pa
dust ymui)

15 aaiuialspa

15 aniwaljpa

1 5 animals pa
dnwjji\iiip

1 5 auiiiuii pa

DOKI

4 cxpoM,i«
(Ocouirol. 0.1. O.S.

2 S ppml

(Ocoaiml. 1 1. 18.
4.8,83, lippm)

•i expoiur^s
(Oconirol.O.l.O.i.

2 5 iipno

6 c*pouirc5
(0 control. 1.1, 1 8,

•18.B 3, 15 p|)in)

5 ly-poimub
(Oconirul, 0.12S. O.S

2, 8 ppiu]

(OcoalTol. 0 125. 0.5
2.Bppim

(Oaiatfiil.O 125.0
2, 8 ppiu)

5 oposiiivs

(0 control. 0 12S. 0 i
2, S ppiu)

(Oconlrol. 0.125,0.
2. 8 ppni)

End point

Rqiioduciioii.
lliilnloyy

Jortaliiy. Clidal

(wcighl IDE.
illilKii'l)

Htpiodutiioii.
llislolugy

Monality, Climal
10\

(wnghi IDS.

Suiviviibihly

Suivivabiliiy

NOALl.ttudy

0 5

1 1

0 5

1 1

2

2

2

2

2

I.OALil.Hiidy
*onc (ppm)

2 5

I X

2.5

1 it

S

a

8

8

g

Oliver Jon F.clor
(ku f.>.>d/ LH
BW/d.y)

Source

0045
Measures in study

tonlioli

USLI'A. 1U!>3

0045
Measures m srudy

IJSl-l'A, I'J'JJ

U 113

OltNL, 19%

0.113

OltNI.. l'l')t>

0 1 1 3

OHNL, ]i)96

0.113

OKN1,, 1090

0 113

ORN1., 1996

NOAKl.duiu
(ma^e-d.v)

OD2

02-i

iH»2

024

d.2"

0.23

02^

0 2 3

023

LOAEL doit

{mti/kii-d«¥l '

0 1]

040

U 11

U4u

U90

r- oo

U.9D

f'.w

n >iii

DncertMlntTF»c(onarKI

Inli-i-'
•P*cl«

3

I

S

4

5

5

5

5

5

Durmriop

1

3

1

1

1

1

1

1

1

Endvolnf
NOAEL

1

1

1

I

1

1

1

1

]

I, GAEL

1

1

1

1

1

1

1

1

1

Other

1

1

1

1

'

]

1

1

1

Totil UF1

4OAEL

3

'

4

5

i

i

5

5

LOAEL

3

4

S

i

>

i

S

NOAEL TRY
(me/kit-diiv)

11.1)04

0.01

(UM

II.IKI2

I).!HI5

11.03

0.06

II.IIJ

u.us

H.II2

0.05

U.OI

0.05

(HI?

O.OS

(1.112

(I.IJ5

LOAEL TUV
(lueyln-dnvt

U ill y

0.04

inn

U.OM

0.02

il.HS

(i.iu

n i

U.I 8

(UI9

n.ifi

D.I

0.16

II. 1

0.18

0.1

O.lfl



NOAEL & LUAEL TRVs - ORGANIC MERCURY

Utccptor

Grcalvr-SiiKL-
(ir<ji i iM»>il<:rk

(imihi-S-iKi:
Orouti (J iLt)

SluJv

Pv'o Ki lMlik TKV l-:n.il>liiJiiiiK

Sltidin 1 mind

l^-iivc l i t .m]>Ui i iy 1U\H

Chciulciil

Mdliyliiu-t;uiy

HOHW

DlL'l

Study Ten
Speclci

Jupaiiusi:

Study Faclort

Dur»tlon

Cnlio.1 l i L M . i t e

N

] J aminaJj per

Doiei

(Ocoiitiwl. 0 .125.0 .5
2 , 8 p p n i )

EndpatDt
NOAKJ. untly

cone (ppml

2

l .OAKLtti idy
cope (ppml

8

Canveriion F«ctat
(kn fund/ kK

Sour«

0 111

OKNL, I'J'JO

NOAKLduK
(mc/Ve-d*v)

ojn

I.OAEI.dot

(ue/kc-dav) L

d«i

llDMrUlDtv Fictori (UF>

In It r-
ipcclM

5

Duririon

]

EndpoiDl
NOAEL

1

IOAEI,

1

Other

1

Tot«l UF1

NOAEL

S

LOAEL

5

NOAEL TKV
(me/k([-d*v)

(t.«2

ll.dS

LOAEL TIW
(mti/kii-div)

l ) , f

t l . l H

Page 25 ol 34



NOABL i LOAEL JRVs - SELENIUM

Utccplor

IKcr Mkv

IKirMln: (dU-lj

Mink (ilk*)

MaJtwl Sliri'w

Maikcd Sbrtw

(iliUi

lied to* (WIUT)

Ui-il !<». (Jill)

American

Ullllill (JiL-l)

Cliff Swallow

riiirSwiilluw
(JiL't)

AiiU'riuiu

Kivml (Jiui

Ittllnl

KliiitGbliir

• (wiiitr)

Uullf.l

Kiuiilitlitr

(JU-U

Mall aid Duel
(WlltlT)

Mull, ml DHL!

(Jkl)

Stiidv

No Reliable TRV

KkliiMikliilit; Study
Dmvefic.ffi watt TRV

No Reliable TOY

JMulilldiiiiK Study
Derive Gum walcr'ritV

NottdlablcTRV

HilJl)liJilnnSliiJ\

Dowc from waa TRV

Hi>«:iuUiJ a: IMiiLi I'Ji-f

No Reliable TRV

t >i.il>li>liiiii; Sludy

Derive fioui waierTRV

No Reliable TRV

Dtnvc Q'om Jidaiy TliV

Htm/.Lial I''K7

No Reliable TRV

I'MiililidiinuSlndy
Derive ftniu diaaiy TRY

Derive from dJOary TRV

JklLUdUl \W

N» lUliul'K' lltV

i:»t,ililiJilî  Suid>

lienve from diflaiy TRV

llcmzu :i) 19S7

No Reliable TRV
KkiiililiJilnuSlnJ)

Doive from diaary TRV

Ik-uuu ul l'JH7

Chcmlul

1-oiawuin

I'oms.siuin

IVKissium

l'ul;issiii[ii

bdi^liilt:

Sudiiiili bL'luiili,-

Siidiuiu ajluiil

Sodium bi'laill

bodium Îciii

Route

Wuid

Waia

Wnia

()i;il

Wjia

Oral

1 ha

biu

Orsl

Dia

On]

I>JL1

Oral

tiidy T*«
Speclti

Kiti

MjH;ud

Mnlliutl

M;ill:ua

M.lilald

Stildv Faclori

Dur»tioD

I yen (2

C filial
lilî iyc

I yiar (2

Cnii^l
lilL-May.:

I yciir{2

Ijlt/ilH^

1 ywr (2

(itnciuiuni!.}

C nlial

78 Juyi

Cniiol
lllCllJ^

Cntiial

liBiane

7B Jays

Craical

hLsiatc

7S tluys

Ciitiial

lifciiafic

78 J.iyi

Criiial

llltSl.lJll1

N POKI

3 lAposuici

1 5. 2 5. 7.5 nip,'!.

3 t*pnsuii;s

1 .5 ,25 , 75 mp/l.

3 exposing

1 S .25 .75m( t . ' l .

3 c.*ipi)sijie5

1 . 5 . 2 5 . 7 Snip 1

5 otpoiuiei

l . S , 10.25. Ul'Jppu

5 «posur«

1, 5. 10. 25. UKi piiii

5 exposures

1.5. 10.25. lOlippi

5 exp(>sures

1, 5. 10.25. \(K)pp

J CXpOSUIK

1. 5. 10. 25. HKIpp

fndpolai

4cptT>duci ion

{.epioduciiou

tcpioduciiini

Kept oduci Kin

Kupmduuini]

Kupidduciiiin

KepitiJutiion

Kt-produclir.n

KCIHUllllClil.

eanc (ppiu)

1 5

1 5

1.5

1 5

S

5

5

5

5

cciie (MPW)

2 5

2.5

2 5

10

10

10

10

10

Ctflf.mJ/Lu

OW/div)

s«ra

0 13

BW &. WCNS -

CI'A lyBSa

0.1.1

BW&WCNS-

lil'A l!>88a

o n
BW& WCNS-

Tl'A lUHHii

il 13

BW & WCNS -
Ill'A [')BK;i

II \[>

I) K)

Muiiurcd in audy

d 10

Mraiuiud in audy

0 Hi

Mcssuicd in 3iij\

0 It)

Mci-iuicil in siuiy

NO A LI. duo.-

fue/ke-dav)

.'..20

i'.2i'

0 '.'.•':

II i

N >

U.i

, ,S

H i

I.OAKLdo*:

me^e-dav) '

11.15

.,-,1

li 51

n i'.

I ['

1 I-

1 i,'

1 (J

n.

ipeciu

3

5

5

5

5

5

5

5

S

nccrtainrvFtclorifUF)

DiiralloD

1

'

1

1

1

1

'

1

1

End
VOAEL

1

I

1

1

1

1

1

1

1

0(D(

LOAEL

1

1

1

1

1

1

I

1

1

Otter

1

1

1

1

1

1

1

1

1

Tolal DF*

<OAEL

3

3

5

i

5

'

i

>

LOAEL

3

S

5

S

5

s

S

S

NOAE1. TltV

(me/fcc-duv)

6.6K-01

i..ii-:-(ii

.1.9K-4H

l.flHIJ

3.9E-02

T.'tt.jii

5.9B-02

7.i»i:«

s.(n-:-<i2

1-lllv-tH

S.IH'MIJ

l.OE-01

5.l)V.-4i2

l.OE-01

S.ii|:.(H

1.UIHH

f.UK-112

LOAEL TRV
(luK/lK-d>V)

UE4I

2.IK-I11

6.6tMi2

1.31'-))]

6. 6 EH) 2

l.JHH

fr.6K-«l

1..UHH

i.or:-(ii

2.1U-XII

1.01' 111

2.0E-01

1 .in-: 41 1

2.0E41

J.lll'-IH

2.01C-JU

LIIIMJI



NOAEL £ LOASL TRVs - SELENIUM

Kcciepciir

(^UT-^L

(irunu: («.iltr|

!?«,T£i">

Studv

NII Itdiulili: IKV

KitjIiliJiiiig Slitdy
Poive from diflary TRY

IUn,d.n^7

Chemical

S-Klmm^lumL

Route

Oial

Diu

Specie*

Mdll.ud

Studv Factori

D.,.6»

7H Jnys
Crihcal

lilniugi!

N DOMI

5 taposuics

1. i, II), 25, 100 ppn

End point

KcpurtKl,,,,,

cone (ppm)

S

cone (vna))

10

Couvcrilnn F*ctor

BW/duvl

Source

0 10

Meaimul in HiiJy

(me/lfe-div)

M S

fme^e-dav) '

I.')

ipcclcf

5

lDe«rt.intvF««oM(UFI

Dur.eion

1

End
NOAEL

1

point
LOAE1.

,

Other

1

Totnl UFb

NOAEL

5

IX3AEL

S

(mt/lce-diy)

5 (it-JU

LOK^II

taB*^«)

I.IIMM

2.DKHII



NO.4EL i itMEI ratt - Sn.VER

UKCpior

IK-cr Mict
(wain-)

l)i:ur Mkv <<1k-l)

Mink (niiu-ij

iMink (dk-l)

Maikcd Sbrcw
(WIIIW)

Maikcd Slinw
(dill)

lUd Foi (water)

American
liubiu (water)

American
Kubin <iliu)

Cliff Swallow

Cliff Swallow
dlki)

lilbll-l-l (VVLUlt)

Aniericnn
KitfMxl (din)

Ikllul
KiiiUfiJiur

(IIJILT)

miitd
KlHKfiilii.-r

(dlU)

MallRid Duck

Mallird Duck
(«IU't)

Ciixultr-Su|;i'
(ilull̂  :<ii.ilt.i

Rntlcr-SRge
(iH.UH (dlLll

Srudv

No lUll.ihlv'I'm'
l-.hLil>liJili^ Mndy

No Reliable TRY
KbiiiMiOiiiiK Miuly

^ Reliable TRY
L.tlLiUliJiiiiK Study

No Reliable TRY
IMiiljllJiiiiK -Study

No RcliubkTRV
KkinUliJiintt Slndy

No Reliable TRY
Kilnl.liJiiiiH Sludy

NoRdiibltTUV
1 kl:ilili:Jiin^ Mud)

No Reliable TRY

11

NoRelltblcTltV
L.tublNiiiiKSinJy

No Reliable TRY
l'.il;il)liJiiiiH blndy

NoRellRblcTRY
tklnbliJiiii]; SiuJy

NoRclltblcTRV
I^LiMUm^ Mud)

No Ui.-li.ilili.-lHV
Lvl»UliJiii>ti SluJy

No RvlUbleTRY
I il.diliJiiiiH Sniily

No Kiliid.k 1UV
Ith.liliJiinnSlmly

Nn HilillhlL ilt\
KkL;ililiJiin« Study

No Reliable TRY

No Reliable TRY
l-.tliililiJiiiî Miid)

No lUli.ililu IHV
i:»l.iUliJ.ii>i-.Siiidy

No RtlUblt TRY
f.tliiblUiini; Sindy

Cbcmiul Route
Study T«t

Spcclci

• Sludv Facion

Dur.rioo N Doiei Endpplnl
NOAKI.sdidy

cone (pi>m)
LOAEI.ntndy

cone (ppm)

Convcrtlon Factor
(kg biid/ kn

BW/duv)

Source
NOAKI.duu:
(mt/kc-day)

I.OAEI.dna

Ime^e-dav) l
Inltr-
ipcciu

ucerialulv Factori (UF)

Durtltoo Endpolnl
NOA£L LOAEL

Other Total UF4

NOAEL LOAEL

NOAEL TRY
(lutftc-davt

\ \

NA

N,\

\A

NA

.NA

N,\

XA

\ \

\ V

\A

V \

NA

N.\

-\A

NA

VA

.\A

NA

N.\

LOAEL TftV
toe^e-d»vl

.NA

VV

> A

.NA

\ \

NA

NA

VA

.N-\

NA

> \

NA

NA

N.\

\ A

.NA

NA

v\

NA

NA



NOAEL & LOAEL TRVs - THALLIUM

IKtrMiix
h»lltl)

DL-LT Mia: (dit-l)

Miuk^.iltr)

Mink (Jicll

M-.ikk.Ld Slin-iv

Miiktd Shrew
id in)

American

lt»l)iii(u.iicr]

American

Itnliiii iilii-i)

Cliff Sw»llow
(wali-r)

Cliff Swallow
(diil)

AiuL-rk'iii

American

K^lrd (diet)

Hi'llid
KliiKfUluT

hi HUT)

Ui-ltL-il

Kiii|;fi»liir

(dil-l)

Milliid Duck
( wulerj

Millitd Duck
(diel)

t;ri:lllL-|-Sll|{l:

Gtu»t*r-S»gc

(JI-IIIIM: (dii-1)

Stiidv

IWimtjli a ;il 1'JKfi

NaRtllabltTKV

KkUblidnnj; Slndy

Derive from wna TRY

l-mimeh^dl^

rfoRelbbUTRV
Kn;ililidiini;,SHuly

Derive fioin waier TRY

loiniigl io.J im

No Reliable TRY

DoivcfiauiwaiaTRV

No Reliable TRY

Derive from waler TRY

No Rclinblc TRV

l\Ul>ligiiiiK Smdy

NoHcllibleTRV

t:>iiililiJiiiiK Sliid>

No Reliable TRV

K>lulilUiliiK Study

No RclUblc TRY

KiMliliJiiiiK Study

Nu ItdiiiUk IHV

K )

NoRtH»bltTHV
Kjt.ililiJiilii; Study

Nu Kili.il.k LIU

Kkl.ibliJiint;.Sliidy

NulUli^ilitu'lltV

En a LI ijiiny bludy

NoRcll.blcTRV

lid jhliJiinn Study

NoIUIIibloTRV

NulUliuMv lltV

NoRcliiblcTRV

KklnliliaiiliU Slildy

Chemical

lulhum ailliilc

lljlllLllll •lllLllL

lull.u,,,»,llal.

Route

Ural

WaiG

Oral

Wniu

Oral

Wjiu-

Onl

Wuiw

Study Te..
Specie*

Itji

10.1

Rjl

K,n

Stud> Factor.

Diir»(loD

6U duyi

Subdironic

6U Jiiyj

Sutidunnit

60 d.iys

Subdinmii;

60 dnys

Subdironiu

N DOMI

1 exposure

Id ppin

1 exposure

Kipixu

1 exposure

lOprm

1 exposure

Id ppm

Endpolni

ReproducdoD

Maleiesliculai

fund inn

Reproduction

Male lesliculai

Kepruduciion

dale lesliculai

Rcprodudioa

Male Islioilar

NOAEL undy

cone fppmk

I.OAEI. Kiidy
cone (upiu)

10

10

10

10

(LJ! food/ kg
BW/<Uv)

Source

(1.007

Mcjsnicd in dudy

0 ((07

Mtasuiial in Sudy

[J.007

Mmsmtd in study

0 007

M corned in Judy

NOAEI. do*
(m£/ke~d»v>

NA

NA

NA

N'-\

U)AtLJo«

lmeAe-d*v) '

(i I)'.'- 1

UU"-1

u(i':.|

[ili74

ipedet

3

s

5

5

nttrtalntv F.clor. (IT)

Dur*tion

5

Jjuhcliromi;

5

buticluonit

S

Subduonic

5

Subclnonic

End oliit
NOAEI.

1

1

1

1

IOAEI.

1

1

1

I

Otter

]

1

1

1

Total UF*
NOAEI.

15

2>

2S

25

LOAEL

IS

2>

2i

"5

NOAEL TRV
(mt^c-d.v)

1 .fiK-413

3.31' HI. 1

9.4E-U4

2.III-MI3

V.9t-*)4

2. Ill-Mil

2.H 1MB

N\

\A

\-\

\ \

NA

V\

.NA

\:\

^A

NA

NA

NA

LOAEL TOY

(uc/kK-dmv)

4.HMI3

Ml' -113

5.UE-03

S.!>l-M)j

3 Ot-flJ

S.SIMIJ

f.VI'-J^

.NA

NA

NA

;N A

NA

NA

Y\

NA

N \

NA

NA

NA

Wildl i teTRVsRFTxIs Thallium
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NOAEL £ LOAEL TRl's - VANADIUM

Hi-trMkx

,,™Mi,«™

iMiiik (n.iU-r)

Mink (dkl)

MntkLdSlin-tt

Mnikcd Shrew
(dki)

Red Voi (w»ter)

Htd Fnx (dkl)

American

' '

Amcrieuii

Cliff Swmllow

Cliff Sivall.ni
(dill)

Ki.-klrJ (Hiikr

AllllTicilll

Kulrtl (diut)

(wuk-r)

ItlllLll

(dlL-l)

Millxid Duct

MM Him! Diu-l.
Idii-u

(MVuU-.-S^

;;:r2;

Dominil" J ,il 19Kb

NoRdinblcTRV

Derive from waerTRV

Dniiiiiignaal I'JBo

No Reliable TRV

Derive noui waia TRV

No Rcliiblt TRV

Dtnve from waicr TRV

Duminnod a) 1'JSfi

No Reliable TRV

Derive ftom wild TRV

No RclitbU TRV

Derive fioin diaary TRV

NoRdlibleTRV
KkUliliJiinu Sliidy

Derive from diauy TUV

Whiit-oi lima l'J7S

N» Kilinbk 1UV

Denve from Jiflary TRV

Wliilei Uiaa 11J7M

Nultilbbk'tltV

Denve Bom diairy TRV

While & Diuo l'J7K

No Reliable TRV
l-'kliililĵ iiii); Sludy

Derive from diaary TllV

While it Dinu 197S

i\u lUllulilu 1U\

DUIVL: fioin diaary TK.V

WhntJi Dioa l'J78

SoJiuni

Sodium

Sodium

Sodium

VjllLld^l SllllillL

Vjnadyl sulfiil

Vaiiadyl sutliil

V.,,,*,,,,,

ViiiuJyl jullul

OM!

Oi.il

Oral

Did

Oral
DILI

Oral

Oral

Oral
Did

Oral
Did

Study Ten

K,n

Kill

Rul

M.-illaiJ

M.illaid

M.illajJ

^

MjlNud

6(1 diiyi pic-

ilimuiJi
l.iclulioii.

60 days prc-

C'linmn;

60 days piu-

C-limint'

60 days pic-

Chronic

1 2 weeks
Chronic

Chionic

1 2 waits
C brook

Cliruuic

12 wixki
Chronic

Smd
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-DRAFT-
Richardson Flat Tailings Site

Screening Ecological Risk Assessment

APPENDIX E

CALCULATION OF EXPOSURE AND
HAZARD FOR WILDLIFE RECEPTORS

Ingestion of Surface Water
Incidental Ingestion of Sediment

Ingestion of Seep Water
Incidental Ingestion of Soils & Tailings

Ingestion of Food Items
(Plants, Earthworms, Small Mammals, Fish and Benthic Invertebrates)



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Greater-Sage Grouse

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17

0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(mg/kgBW/day)

0.0080
0.4273
0.0404
0.0019
2.5395

0.0103
0.0741
0.0337
0.0022
0.6394

0.0306
0.0077
0.0002
0.0021
1.0667

0.0045
0.0011

0.00011
0.0011
0.0049

0.0076
0.0031

0.00011
0.0009
0.0439

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05,
13 '

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Surface Water HQ
NOAEL

2E-02
1E+00
9E-01
4E-02
2E-01
2E+00

3E-02
2E-01
7E-01
4E-02
5E-02

1E+00
8E-02
2E-02
5E-03
4E-02
8E-02
2E-01

1E-02
3E-03
2E-03
2E-02
4E-04
4E-02
2E-02
7E-03
2E-03
2E-02
3E-03
5E-02

LOAEL

2E-03
5E-01
4E-01
2E-02
6E-02

1E+00

3E-03
8E-02
4E-01
2E-02
2E-02
5E-01

9E-03
9E-03
2E-03
2E-02
3E-02
7E-02

.IE-OS
1E-03
1E-03
1E-02
1E-04
2E-02
2E-03
4E-03
1E-03
9E-03
1E-03
2E-02

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SWrev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Mallard Duck

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17

0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2

/ 2.0
98

Calculated Dose
(rag/kg BW/day)

0.0010
0.0540
0.0051
0.0002
0.3207

0.0013
0.0094
0.0043
0.0003
0.0807

0.0039
0.0010
0.0000
0.0003
0.1347

0.0006
0.0001

0.00001
0.0001
0.0006

0.0010
0.0004

0.00001
0.0001
0.0055

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1
0.10
39

3.5
0.9
0.1

0,10
39

Surface Water HQ
NOAEL

2E-03
1E-01
1E-01
5E-03
2E-02
3E-01

3E-03
2E-02
9E-02
6E-03
6E-03
1E-01
9E-03
2E-03
6E-04
5E-03
1E-02

3E-02

1E-03
3E-04
3E-04
3E-03
5E-05
5E-03
2E-03
9E-04
3E-04
2E-03
4E-04
6E-03

LOAEL

3E-04
6E-02
6E-02
2E-03
8E-03
1E-01

4E-04
1E-02
5E-02
3E-03
2E-03
6E-02

1E-03
1E-03
3E-04
3E-03
3E-03
9E-03
2E-04
2E-04
2E-04
1E-03
2E-05
2E-03
3E-04
5E-04
2E-04
1E-03
1E-04
2E-03

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Belted Kingfisher

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17
0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(mg/kg BW/day)

0.0020
0.1057
0.0100
0.0005
0.6283

0.0026
0.0183
0.0083
0.0006
0.1582

0.0076
0.0019
0.0001
0.0005
0.2639

0.0011
0.0003
0.00003
0.0003
0.0012

0.0019
0.0008
0.00003
0.0002
0.0109

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1
0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Surface Water HQ
NOAEL

5E-03
2E-01
2E-01
9E-03
5E-02
5E-01

6E-03
4E-02
2E-01
1E-02
1E-02
3E-01
2E-02
4E-03
1E-03
1E-02
2E-02
5E-02
3E-03
6E-04
6E-04
6E-03
9E-05
JE-02
5E-03
2E-03
6E-04
4E-03
8E-04
1E-02

LOAEL
6E-04
1E-01
1E-01
5E-03
2E-02
3E-01

7E-04
2E-02
9E-02
6E-03
4E-03
1E-01

2E-03
2E-03
6E-04
5E-03
7E-03
2E-02
3E-04
3E-04
3E-04
3E-03
3E-05
4E-03
5E-04
9E-04
3E-04
2E-03
3E-04
4E-03

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minim urn of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - American Robin

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17

0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(mg/kg BW/day)

0.0024
0.1287
0.0122
0.0006
0.7650

0.0031
0.0223
0.0101
0.0007
0.1926

0.0092
0.0023
0.0001
0.0006
0.3213

0.0014
0.0003

0.00003
0.0003
0.0015

0.0023
0.0009

0.00003
0.0003 •
0.0132

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Surface Water HQ
NOAEL

6E-03
3E-01
3E-01
1E-02
6E-02
6E-01

8E-03
5E-02
2E-01
1E-02
1E-02
3E-01
2E-02
5E-03
1E-03
1E-02
2E-02
7E-02
3E-03
8E-04
7E-04
7E-03
1E-04
1E-02
6E-03
2E-03
7E-04
5E-03
1E-03
1E-02

LOAEL

7E-04
1E-01
1E-01
6E-03
2E-02
3E-01

9E-04
3E-02
1E-01
7E-03
5E-03
2E-01
3E-03
3E-03
7E-04
6E-03
8E-03
2E-02
4E-04
4E-04
4E-04
3E-03
4E-05
5E-03
7E-04
1E-03
4E-04
3E-03,
3E-04
5E-03

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - American Kestrel

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17

0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(mg/kg BW/day)

0.0022
0.1148
0.0108
0.0005
0.6825

0.0028
0.0199
0.0090
0.0006
0.1718

0.0082
0.0021
0.0001
0.0006
0.2867

0.0012
0.0003

0.00003
0.0003
0.0013

0.0020
0.0008

0.00003
0.0002
0.0118

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0
0.05

13

0.4
0.44
0.0

0.05
13

0.4
0.44
0.0

0.05
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Surface Water HQ
NOAEL

5E-03
3E-01
2E-01
1E-02
5E-02
6E-01

7E-03
5E-02
2E-01
1E-02
1E-02

3E-01
2E-02
5E-03
IE-OS
1E-02
2E-02
6E-02
3E-03
7E-04
7E704
6E-03
1E-04
1E-02

5E-03
2E-03
6E-04
5E-03
9E-04
1E-02

LOAEL
6E-04
1E-01
1E-01
5E-03
2E-02
3E-01

8E-04
2E-02
1E-01
6E-03
4E-03
JE-01

2E-03
2E-03
6E-04
6E-03
7E-03
2E-02
3E-04
3E-04
3E-04
3E-03
3E-05
4E-03
6E-04
1E-03
3E-04
2E-03
3E-04
5E-03

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Red Fox

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17
0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(rag/kg BW/day)

0.0015
0.0811
0.0077
0.0004
0.4822

0.0020
0.0141
0.0064
0.0004
0.1214

0.0058
0.0015
0.0000
0.0004
0.2025

0.0009
0.0002

0.00002
0.0002
0.0009

0.0014
0.0006

0.00002
0.0002
0.0083

TRV(mg/kg BW/day)

NOAEL

0.3
0.21
0.2

0.04
39

0.3
0.21
0.2

0.04
39

0.3
0.21
0.2

0.04
39

0.3
0.21
0.2

0.04
39

0.3
0.21
0.2

0.04
39

LOAEL

0.8
0.4
0.5

0.07
117

0.8
0.4
0.5

0.07
117

0.8
0.4
0.5

0.07
117

0.8
0.4
0.5

0.07
117

0.8
0.4
0.5

, 0.07
117

Surface Water HQ
NOAEL

6E-03
4E-01
4E-02
9E-03
1E-02
5E-01

8E-03
7E-02
4E-02
1E-02
3E-03
1E-01

2E-02
7E-03
2E-04
1E-02
5E-03
5E-02
3E-03
1E-03
1E-04
5E-03
2E-05
1E-02

6E-03
3E-03
1E-04
4E-03
2E-04
1E-02

LOAEL

2E-03
2E-01
1E-02
5E-03
4E-03
2E-01

3E-03
3E-02
1E-02
6E-03
1E-03
6E-02

8E-03
4E-03
8E-05
6E-03
2E-03
2E-02
1E-03
5E-04
4E-05
3E-03
8E-06
5E-03
2E-03
1E-03
4E-05
3E-03
7E-05
6E-OS

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of"the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Masked Shrew

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17
0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2,0
98

Calculated Dose
(mg/kg BW/day)

0.0030
0.1594
0.0151
0.0007
0.9473

0.0038
0.0276
0.0126
0.0008
0.2385

0.0114
0.0029
0.0001
0.0008
0.3979

0.0017
0.0004

0.00004
0.0004
0.0018

0.0028
0.0012

0.00004
0.0003
0.0164

TRV(mg/kg BW/day)

NOAEL

0.3
0.04
1.3

0.04
12

0.3
0.04
1.3

0.04
12

0.3
0.04
1.3

0.04
12

0.3
0.04
1.3

0.04
12

0.3
0.04
1.3

0.04
12

LOAEL

0.8
0.1
4.0

0.07
24

0.8
0.1
4.0

0.07
24

0.8
0.1
4.0

0.07
24

0.8
0.1
4.0

0.07
24

0.8
0.1
4.0

0.07
24

Surface Water HQ
NOAEL

1E-02
4E+00
1E-02
2E-02
8E-02
4E+00

2E-02
7E-01
1E-02
2E-02
2E-02
7E-OI
5E-02
7E-02
6E-05
2E-02
3E-02
2E-01
7E-03
1E-02
3E-05
1E-02
2E-04
3E-02
1E-02
3E-02
3E-05

, 8E-03
1E-03
5E-02

LOAEL

4E-03
1E+00
4E-03
1E-02
4E-02
JE+00

5E-03
2E-01
3E-03
1E-02
1E-02
3E-OJ
2E-02
2E-02
2E-05
1E-02
2E-02
7E-02
2E-03
3E-03
1E-05
6E-03
8E-05
1E-02

4E-03
9E-03
1E-05
5E-03
7E-04
2E-02

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Mink

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17
0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(mg/kgBW/day)

0.0019
0.1001
0.0095
0.0004
0.5948

0.0024
0.0174
0.0079
0.0005
0.1498

0.0072
0.0018
0.0001
0.0005
0.2499

0.0010
0.0003

0.00003
0.0003
0.0012

0.0018
0.0007

0.00003
0.0002
0.0103

TRV(mg/kg BW/day)

NOAEL

0.3
0.16
0.7

0.04
156

0.3
0.16
0.7

0.04
156

0.3
0.16
0.7

0.04
156

0.3
0.16
0.7

0.04
156

0.3
0.16
0.7

0.04
156

LOAEL

0.8
0.3
2.1

0.07
467

0.8
0.3
2.1

0.07
467

0.8
0.3
2.1

0.07
467

0.8
0.3
2.1

0.07
467

0.8
0.3
2.1

0.07
467

Surface Water HQ
NOAEL

7E-03
6E-01
1E-02
1E-02
4E-03
7E-01

1E-02
1E-01
1E-02
1E-02
IE-OS
JE-01
3E-02
1E-02
7E-05
1E-02
2E-03
5E-02
4E-03
2E-03
4E-05
7E-03
7E-06
1E-02

7E-03
5E-03
4E-05
5E-03
7E-05
2E-02

LOAEL

2E-03
3E-01
5E-03
7E-03
1E-03
3E-OJ

3E-03
6E-02
4E-03
8E-03
3E-04
7E-02
9E-03
6E-03
2E-05
8E-03
5E-04
2E-02

1E-03
9E-04
1E-05
4E-03
2E-06
6E-03
2E-03
2E-03
IE-OS

, 3E-03
2E-05
8E-03

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.

Wildlife RiskjSW rev.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Surface Water
Wildlife Receptor - Deer Mice

Richardson Flat Tailings
Screening Ecological Risk Assessment

Designated Reach

Silver Creek -
upstream

Silver Creek -
downstream

South Diversion
Ditch

Ponded Water

Unnamed
Drainages

Parameter

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ug/L)

18
953
90.0
4.1

5,666

23.0

165
75.1
5.0

1,426

68
17
0.5
4.7

2,380

10
2.5
0.3
2.5
11

17
7.0
0.2
2.0
98

Calculated Dose
(mg/kg BW/day)

0.0026
0.1403
0.0132
0.0006
0.8337

0.0034
0.0243
0.0111
0.0007
0.2099

0.0100
0.0025
0.0001
0.0007
0.3502

0.0015
0.0004

0.00004
0.0004
0.0016

0.0025
0.0010

0.00004
0.0003
0.0144

TRV(mg/kg BW/day)

NOAEL

1.3
0.21

"> ">j.j
0.07
20

1.3
0.21

"> *>j.j
0.07
20

1.3
0.21
3.3

0.07
20

1.3
0.21
3.3

0.07
20

1.3
0.21

-> ->j.j
0.07
20

LOAEL

3.8
0.6
9.9

0.11
40

3.8
0.6
9.9

0.11
40

3.8
0.6
9.9

0.11
40

3.8
0.6
9.9

0.11
40

3.8
0.6
9.9

0.11
40

Surface Water HQ
NOAEL

2E-03
7E-01
4E-03
9E-03
4E-02
7E-01

3E-03
1E-01
3E-03
1E-02
1E-02
1E-01
8E-03
1E-02
2E-05
1E-02
2E-02
5E-02
1E-03
2E-03
1E-05
6E-03
8E-05
9E-03
2E-03
5E-03
1E-05
4E-03
7E-04
JE-02

LOAEL
7E-04
2E-01
1E-03
6E-03
2E-02
3E-01

9E-04
4E-02
1E-03
7E-03
5E-03
5E-02
3E-03
4E-03
7E-06
6E-03
9E-03
2E-02
4E-04
6E-04
4E-06
3E-03
4E-05
4E-03
7E-04
2E-03
4E-06
3E-03,
4E-04
5E-03

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRV is based on inorganic mercury.

Wildlife Risk_SW rev.xls: HQ Summary
2/7/2002



Hazard Quotients (HQs) for the lucideutal lugestiou of Sediment
Wildlife Receptor - Belted Kingfisher

Richardson Flat Tailings Site

Screening Ecological Risk Assessment

DRAFT

Designated Reach

Upstream Silver
Creek

Downstream Silver
Creek

South Diversion
Ditch

Wetlands .Area

Parameter

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
M ercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI

EPC (mg/kg)

15,220
SS9

1,735
NA

179

42

NA

2,559
42,990

NA

1.6
NA

32

NA

NA

44,560

11,590
140
341

NA

5S

32

NA

766

11,130
NA
0.44

NA

11

NA
NA

11,950

15,125
93
163

NA

66.2
23.5

NA

270

3,042
NA

1.6

NA
7.0

NA
NA

12,000

2S;SOO
99

299. S

562

93.1
62.4

20
725

6,520
42,000

S.2

97.2
43.1

12.16
70.6

15,200

Calculated Dose
(ing/kg BW/day)

20.4072
1.1920
2.3263

NA
0.2400
0.0563

NA

3.4311
57.6417

NA
0.0021

NA

0.0429
NA

NA

59.7468

15.5401
O.IS77
0.4572

NA
0.077S
0.0429

NA
1.027!

14.9233
NA

0.0006
NA

0.0147

NA

NA

16.0228

20.2S04
0.1245
0.2 1S4

NA
O.OSS7
0.0315

NA
0.3615
4.07S6

NA
0.0021

NA

0.0094
NA

NA

16.0898

3S.6155
0.1327
0.4019
0.7535
0.1 24S

O.OS37
0.026S
0.9721
8.7421

56.3143
0.0110
0.1303
0.057S
0.0163
0.0947

20.3804

TRY
(m°/kg

RW/^aul

7.0

NA

O.S

2.S

0.09
0.2
0.3

4.0

0.9

65

0.09
5.2

0.100
NA

2.3

26

7.0

NA

O.S

2.S
0.09
0.2

0.3
4.0

0.9

65

0.09
5.2

0.100
NA

2.3

26

7.0

NA

O.S

2.S

0.09
0.2

0.3

4.0

0.9

65

0.09
5.2

0.100
NA

2.3

26

7.0

NA

O.S

2.S

0.09
0.2

0.3
4.0

0.9

65

0.09
5.2

0.100
NA

2.3

26

TRY
(mg/kg

Rn//ii«f\
35

NA
7.1

5.6
2.4

1.0

0.5

6.0

l.S

195

0.1S
15

0.20
NA

6.S
79

35

NA
7.1

5.6

2.4

1.0

0.5

6.0

l .S
195

0.1S
15

0.20
NA

6.S

79

35

NA
7.1

5.6

2.4

1.0

0.5

6.0

l.S

195

0.1S
15

0.20
NA
6.S

79

35

NA
7.1

5.6
2.4

1.0

0.5

6.0

l.S

195

O . I S
15

0.20
NA

6.S

79

Sediment Ingestion HQ

NOAEL

3E+00
NC

3E+00
NC

3E+00
3E-01

NC
9E-01
7E+01

NC
2E-02

NC
4E-0!

NC

NC

2E+00
8E+01
2E+00

NC
6E-01

NC
9E-01
2E-01

NC
3E-01
2E+01

NC
7E-03

NC

1E-OI

NC

NC

6E-01
2E+01
3E+00

NC

3E-01

NC
1E+00
2E-01

NC
9E-02
5E+00

NC
2E-02

NC

9E-02
NC

NC

6E-01

1E-HU
6E+00

NC
5E-01
3E-01
1E+00
4E-01
1E-01
2E-01
1E+01
9E-01

1E-01
3E-02
6E-01

NC
4E-02
SE-01
2E+01

LOAEL

6E-01
NC

3E-01
NC

IE-01

6E-02
NC

6E-01

3E+01
NC

1E-02
NC

2E-0 1
NC
NC

8E-01
4E-KU
4E-01

NC

6E-02
NC

3E-02
4E-02

NC

2E-01
9E+00

NC
3E-03

NC

7E-02
NC

NC

2E-01
IE-Mil
6E-01

NC
3E-02

NC

4E-02
3E-02

NC

6E-02
2E+00

NC
1E-02
NC

5E-02
NC

NC

2E-01
3E+00
1 E+-00

NC

6E-02
IE-01

5E-02
SE-02
5E-02
2E-01
5E+00
3E-01

6E-02
SE-03
3E-01

NC
1E-02

3E-01
8E+00

= NotAvailable
NC= Not Calculated

HQs greater than one are shown in bold£we type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRV is based on inorganic mercury.

Wildlife Risk Sed rev.xli: HQ Summary Page 1 of 1



Hazard Quotients (HQs) for the Incidental Iiigestiou of Sediment

Wildlife Receptor - Mallard Duck

Richardson Flat Tailings Site

Screening Ecological Risk Assessment

DRAFT

\
f

Designated Reach

Upstream Silver
Creek

Downstream Silver
Creek

South Diversion
Ditch

Wetlands Area

Parameter

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Mercurv

Nickel

Selenium

Thallium

Vanadium

Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Mercury

Nickel

Selenium

Thallium

Vanadium

Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Mercury

Nickel

Selenium

Thallium

Vanadium

Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Mercurv

Nickel

Selenium

Thallium

Vanadium

Zinc

TOTAL HI

EPC (ing/kg)

15,220

SS9

1,735

NA

179

42

NA

2,559

42,990

NA

1.6

NA

32
NA
NA

44,560

11.590

140

341

NA

5S

32

NA

766
11,130

NA
0.44

NA

1 1

NA

NA

11550

15,125

93

163

NA

66.2

23.5

NA

270

3.042

NA

1.6

NA
7.0

NA

NA

12,000

2S.SOO

99

299. S

562

93.1
62.4

20

725

6,520

42,000

S.2

97.2

43.1
12.16

70.6

15,200

Calculated Dose
(mg/kg BVV/day)

20.2S29

I.1S47

2.3121

NA

0.23S5

0.0560

NA

3.4102

57.2905

NA
0.0021

NA
0.0426

NA

NA

59.3827

15.4454

0.1 S66
0.4544

NA

0.0773

0.0426

NA

1.020S

14.S324

NA
0.0006

NA
0.0147

NA

NA

15.9251

20.1569

0.123S

0.2171

NA

O.OS82

0.0313

NA

0.3593

4.053S

NA

0.0021

NA

0.0093

NA

NA

15.9918

3S.3S02

0.1319

0.3995

0.74S9

0.1241

0.0832

0.0267

0.9662

S.6SS9

55.9712

0.0109

0.1295

0.0574

0.0162

0.0941

20.2562

TRV
(mg/k«

RWMoiA

7.0

NA

O.S

2.S

0.09

0.2

0.3

4.0

0.9

65
0.09

5.2

0.100

NA
2.3

26

7.0

NA

O.S

2.S

0.09

0.2

0.3

4.0

0.9

65
0.09

5.2

0.100

NA

2.3

26

7.0

NA
O.S

2.S

0.09

0.2

0.3

4.0

0.9

65
0.09
5 2

0.100

NA

2.3

26

7.0

NA

O.S
2.S

0.09

0.2

0.3
4.0

0.9

65

0.09

5.2
0.100

NA

2.3

26

TRV
(ing/kg

RTV/d<llA
35

NA
7.1

5.6
2.4

1.0
0.5

6.0

l.S

195

0.1S

15

0.20

NA

6.S

79

35

NA
7.1

5.6

2.4

1.0

0.5

6.0

l.S

195

0.1S

15

0.20

NA

6.S

79

35

NA
7.1

5.6

2.4

1.0

0.5

6.0

l.S

195

0.1S

15

0.20

NA

6.8

79

35

NA
7.1

5.6

2.4

1.0

0.5
6.0

l.S

195

0.1S

15
0.20

NA

6.S

79

Sediment Iiigestion HQ

NOAEL

3E+00

NC
3E+00

NC
3E+00

3E-01

NC
SE-01

7E+01

NC

2E-02

NC
4E-01

NC
NC

ZE+flO

8E+01

2E+00

NC

6E-01

NC

9E-01
2E-01

NC
3E-01
2E+01

NC
6E-03

NC

1 E-0 1

NC

NC

6E-01

2E+01

3E+00

NC

3E-01

NC
1E+00

2E-01

NC
9E-02

5E+00

NC
2E-02

NC
9E-02

NC

NC

6E-01
1E+01
5E+00

NC

5E-01

3E-01

1E+00

4E-01

1E-01

2E-01

1E+01

9 E-0 1

1E-01

3E-02

6E-01

NC

4E-02

SE-01
2E+01

LOAEL

6E-01

NC

3E-01

NC

1E-01

6 E-0 2

NC

6E-01

3E+01

NC
1E-02

NC

2E-01
NC

NC
SE-01

4E+01

4E-OI

NC

6E-02

NC

3 E-0 2

4E-02

NC

2E-01

8E+00

NC
3E-03

NC
7E-02

NC
NC

2E-01
1E-KI1

6E-01

NC
3E-02

NC

4E-02

3 E-0 2

NC

6E-02

2E+00

NC

1E-02

NC
5E-02

NC

NC
2E-01
3E+00
1E-HIO

NC
6E-02

1E-01
5E-02

SE-02

5 E-0 2

2E-01
5E+00

3E-01
6E-02

SE-H3

3E-01

NC

IE-02

SE-01
8E+00

NA = NotAvailable

NC= Not Calculated

HQs greater than one are shown in boldfiue type.

EPC is equal to the minimum of the 95UCL and the maximum.

Mercury TRV is based on inorganic mercury.

Wildlife Riik_Sed rev.xls: HQ Summary Page I of 1



DRAFT

Hazard Quotients (HQs) for the Incidental lugestiou of Sediment
Wildlife Receptor - Mink

Richardson Flat Tailings Site

Screening Ecological Risk Assessment

Designated Reach

Upstream Silver
Creek

Downstream Silver
Creek

South Diversion
Ditcli

Wedands Area

Parameter

Aluminum
Antrmonv

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimony

Arsenic
Banum

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimonv

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antunonv

.Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI

EPC (m°/kg)

15,220
SS9

1.735

NA

179

42

NA
2.559

42,990
NA

1.6

NA

32

NA

NA

44,560

11,590
140

341

NA

5S

32

NA

766

11,130
NA
0.44

NA
11

NA

NA

11,950

15,125
93
163

NA

66.2

23.5

NA
270

3,042
NA
1.6

NA
7.0

NA

NA

12.000

2S.SOO
99

299.S
562

93.1
62.4

20

725

6,520
42,001)

S.2

97.2

43.1

12.16

70.6

15,200

Calculated Dose
(mg/kg BW/day)

6.0907
0.355S
0.6943

NA

0.0716
0.016S

NA
1.0241

17.2037

NA
0.0006

NA

0.0 12S
NA

NA

17.8320

4.63S1
0.0560
0.1365

NA

0.0232
0.0 12S

NA

0.3065
4.4540

NA

0.0002
NA

0.0044
NA

NA

4.7821

6.0529
0.0372
0.0652

NA
0.0265
0.0094

NA

0.1079
1.2173

NA

0.0006
NA

0.002S
NA

NA

4.8022

11.5252
0.0396
0.1200
0.2249
0.0373
0.0150
0.0(1 SO

0.2901
2.6092
16.S076
0.0033
0.03S9
0.0172
0.0049
0.02S3
6.0827

TRV
(mg/kg

RW/jlauA

1.4

0.01
0.2

2.0

0.50
SOO

1.3

S.S

0.3
IS

1.37
S.O

0.079
0.002

0.7

311

1.4

0.01
0.2

2.0

0.50
SOO

1.3

S.S

0.3

IS
1.37
S.O

0.079
0.002

0.7

311

1.4

0.01
0.2

2.0
0.50
SOO

1.3

S.S

0.3

IS
1.37
S.O

0.079
0.002
0.7

311

1.4

0.01
0.2

2.0
0.50
SOO

1.3

S.S

0.3
I S

1.37
S.O

0.079
0.002

0.7

311

TRV
(mg/kg

RW/i1<»A
7

0.02
0.5

6.1
1.0

2400.0
4.0

12.S
0.6
57

4.11
24

0.13
0.01
2.0

933

7

0.02
0.5

6.1

1.0

2400.0
4.0
12.S
0.6

57

4.11
24

0.13
0.01
2.0

933

7

0.02
0.5

6.1

1.0
2400.0

4.0

12.S
0.6
57

4.11
24

0.13
0.01
2.0

933

7

0.02
0.5

6.1

1.0
2400.0

4.0

12.S
0.6
57

4.11
24

0.13
0.01
2.0

933

Sediment Ingestion HQ

NOAEL

4E+00
6E+01
5E+00

NC
1E-01
2E-05

NC
1E-01
6E+01

NC

5E-04
NC

2E-01
NC

NC

6E-02
1E-KI2
3E+00
9E+00
9E-01

NC

5E-02
2E-05

NC

3E-02
1E+01

NC
1E-04
NC

6E-02
NC
NC

2E-02
3E+01
4E+00
6E+00
4E-01

NC

5E-02
1 E-05
NC

1E-02
4E+00

NC
5E-04

NC

4E-02
NC

NC

2E-02
1E+01
8E+00
6E+00
SE-01
1E-01
SE-02
3 E-05
6E-03
3E-02
8E+00
1E+00
2E-03
5E-03
2E-01
2E+00
4E-02
2E-02
3E-HU

LOAEL

9E-0 1
2E+01
2E+00

NC
7E-02
7E-06

NC

SE-02
3E+01

NC

2E-04
NC

1E-01
NC
NC

2E-02
5E401
7E-01
3E+00
3E-01

NC
2E-02
5E-06

NC
2E-02
7E+00

NC

4E-05
NC

3E-02
NC

NC

5E-03
lE-Mtl
9E-01
2E+00
1E-OI
NC

3E-02
4E-06

NC

SE-03
2E+00

NC

2E-04
NC

2E-02
NC

NC
5E-03
5E+00
2E+00
2E+00
3E-0!
4E-02
4E-02
1E-05
2E-03
2E-02
4E+00
3E-01
SE-04

2E-03
1E-OI
SE-01
1E-02
7E-03
1E+01

NA = Not Available
NC= Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRV is based on inorganic mercury.

Wildlife RiskJicdrev.xU: HQ Summary



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Greater-Sage Grouse

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kgBW/day)

0.15643
0.04296
0.00031
0.00672
1.25051

0.00166
0.28103
0.00009
0.00134
0.06096

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0
0.10
13

0.4
0.44
0.0

0.10
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Seep Water HQ
NOAEL

4E-01
1E-01
7E-03
7E-02
1E-01
7E-01

4E-03
6E-01
2E-03
1E-02
5E-03
7E-OJ

LOAEL

4E-02
5E-02
3E-03
7E-02
3E-02
2E-01
5E-04
3E-01
1E-03
1E-02
2E-03
3E-01

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_Seep revl.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Mallard Duck

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc

TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc

TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kgBW/day)

0.01975
0.00543
0.00004
0.00085
0.15792

0.00021
0.03549
0.00001
0.00017
0.00770

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.10
13

0.4
0.44
0.0

0.10
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Seep Water HQ

NOAEL

5E-02
1E-02
9E-04
8E-03
1E-02
SE-02

5E-04
8E-02
3E-04
2E-03
6E-04

8E-02

LOAEL

6E-03
6E-03
4E-04
8E-03
4E-03
2E-02

6E-05
4E-02
1E-04
2E-03
2E-04

4E-02

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_Seep revl.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Belted Kingfisher

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Max Exposure
Concentration

(ug/L)

349
96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kgBW/day)

0.03870
0.01063
0.00008
0.00166
0.30937

0.00041
0.06952
0.00002
0.00033
0.01508

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.10
13

0.4
0.44
0.0

0.10
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Seep Water HQ
NOAEL

1E-01
2E-02
2E-03
2E-02
2E-02
2E-01

1E-03
2E-01
5E-04
3E-03
1E-03
2E-01

LOAEL

1E-02
1E-02
9E-04
2E-02
8E-03
5E-02
1E-04
8E-02
2E-04
3E-03
4E-04
8E-02

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRV is based on inorganic mercury.

Wildlife Risk_Seep rev 1 .xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - American Robin

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kg BW/day)

0.04712
0.01294
0.00009
0.00203
0.37668

0.00050
0.08465
0.00003
0.00041
0.01836

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.10
13

0.4
0.44
0.0

0.10
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Seep Water HQ
NOAEL

1E-01
3E-02
2E-03
2E-02
3E-02
2E-01

1E-03
2E-01
6E-04
4E-03
1E-03
2E-01

LOAEL

1E-02
1E-02
1E-03
2E-02
1E-02
6E-02
1E-04
1E-01
3E-04
4E-03
5E-04
1E-01

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_Seep revl.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - American Kestrel

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

TJpgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kg BW/day)

0.04204
0.01155
0.00008
0.00181
0.33607

0.00045
0.07552
0.00002
0.00036
0.01638

TRV(mg/kg BW/day)

NOAEL

0.4
0.44
0.0

0.10
13

0.4
0.44
0.0

0.10
13

LOAEL

3.5
0.9
0.1

0.10
39

3.5
0.9
0.1

0.10
39

Seep Water HQ
NOAEL

1E-01
3E-02
2E-03
2E-02
3E-02
2E-01

1E-03
2E-01
5E-04
4E-03
1E-03
2E-01

LOAEL

1E-02
1E-02
9E-04
2E-02
9E-03
5E-02
1E-04
9E-02
3E-04
4E-03
4E-04
9E-02

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groiindwater data.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_Seep revl.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Red Fox

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kgBW/day)

0.02970
0.00816
0.00006
0.00128
0.23743

0.00031
0.05336
0.00002
0.00026
0.01157

TRV(mg/kgBW/day)

NOAEL

0.3
0.21
0.2

0.07
39

0.3
0.21
0.2

0.07
39

LOAEL

0.8
0.4
0.5

0.07
117

0.8
0.4
0.5

0.07
117

Seep Water HQ
NOAEL

1E-01
4E-02
3E-04
2E-02
6E-03
2E-01

1E-03
3E-01
1E-04
4E-03
3E-04
3E-01

LOAEL

4E-02
2E-02
1E-04
2E-02
2E-03
SE-02
4E-04
1E-01
3E-05
4E-03
1E-04
1E-01

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_Seep revl.xls: HQ Summary
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Masked Shrew

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc
TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kg BW/day)

0.05835
0.01602
0.00012
0.00251
0.46646

0.00062
0.10483
0.00003
0.00050
0.02274

TRV(mg/kg BW/day)

NOAEL

0.3
0.04
1.3

0.07
12

0.3
0.04
1.3

0.07
12

LOAEL

0.8
0.1
4.0

0.07
24

0.8
0.1
4.0

0.07
24

Seep Water HQ
NOAEL

2E-01
4E-01
9E-05
4E-02
4E-02
7E-01

2E-03
3E+00
3E-05
8E-03
2E-03
3E+00

LOAEL

8E-02
1E-01
3E-05
4E-02
2E-02
3E-01
8E-04
8E-01
8E-06
8E-03
9E-04
SE-01

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available gronndwater data.
Mercury TRV is based on inorganic mercury.

Wildlife Risk_Seep rev 1 .xls: HQ Summary
2/7/2002



DRAFT

Ha/ard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Mink

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc

TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc

TOTAL HI

Max Exposure
Concentration

(ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kg BW/day)

0.03664
0.01006
0.00007
0.00157
0.29291

0.00039
0.06583
0.00002
0.00031
0.01428

TRV(mg/kg BW/day)

NOAEL

0.3
0.16
0.7

0.07
156

0.3
0.16
0.7

0.07
156

LOAEL

0.8
0.3
2.1

0.07
467

0.8
0.3
2.1

0.07
467

Seep Water HQ

NOAEL

1E-01
6E-02
1E-04
2E-02
2E-03

2E-01
2E-03
4E-01
3E-05
5E-03
9E-05

4E-01

LOAEL

5E-02"
3E-02

4E-05
2E-02
6E-04

1E-01
5E-04
2E-01
1E-05
5E-03
3E-05

2E-01

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRY is based on inorganic mercury.

Wildlife RiskjSeep revl.xls: HQ
2/7/2002



DRAFT

Hazard Quotients (HQs) for the Ingestion of Seep Water*
Wildlife Receptor - Deer Mice

Richardson Flat Tailings

Screening Ecological Risk Assessment

Designated Reach

Monitoring wells
below main

embankment

Upgradient
monitoring well

Parameter

Arsenic

Lead
Mercury
Selenium

Zinc

TOTAL HI

Arsenic
Lead

Mercury
Selenium

Zinc

TOTAL HI

Max Exposure
Concentration

. (ug/L)

349

96
0.7
15

2,790

3.7
627
0.20
3.0
136

Calculated Dose
(mg/kg BW/day)

0.05136
0.01410
0.00010
0.00221
0.41055

0.00054

0.09226
0.00003
0.00044
0.02001

TRV(mg/kg BW/day)

NOAEL

1.3
0.21
3.3

0.11
20

1.3
0.21
3.3

0.11
20

LOAEL

3.8
0.6
9.9

0.11
40

3.8
0.6
9.9

0.11
40

Seep Water HQ

NOAEL

4E-02
7E-02
3E-05
2E-02
2E-02

1E-01
4E-04
4E-01
9E-06
4E-03
1E-03
4E-01

LOAEL

1E-02
2E-02

1E-05
2E-02
1E-02
7E-02

1E-04
1E-01
3E-06
4E-03
5E-04

2E-01

NA = Not Available
NC = Not Calculated

HQs greater than 1 are shown in boldface type.
*Seep concentrations are estimated using available groundwater data.
Mercury TRY is based on inorganic mercury.

Wildlife Risk_Seep revl .xls: HQ Summary
2/7/2002



Wildlife Hazard Quotients (HQs) for Incidental Ingestion of Soils aud Tailings
Wildlife Receptor - American Robin

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Off-Impoundment
Soils

On-Impoundment
Soils

Parameter

Aluminum

Antimony
Arsenic

Barium

Cadmium

Chromium
Copper

Lead
Mercury

Selenium
Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead
Mercury

Selenium
Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium
Zinc

TOTAL HJ

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium
Zinc

TOTAL HJ

EPC (mg/kg)

NA
NA

10.14

265.00

1.00
23.00

29.00

58.67

0.15
2.50

127.00

NA
NA

45.43

33 1.38
15.30
24.21
49.34

883.84

1.32
2.50

550.85

23738.97

4.42
24.05

277.01
2.03

24.3,1
41.97

428.97

0.32
2.50

314.05

4257.93
195.82

298.65

NA
43.58

30.53

539.46

5877.72
12.04
14.27

7544.04

Calculated
Dose (mg/kg

BW/day)

NA
NA

0.150

3.931
0.015
0.341
0.430

0.870

0.002

0.037
1.884

NA
NA

0.674

4.916
0.227

0.359

0.732

13.111

0.020
0.037

8.171

352.150

0.066

0.357

4.109
0.030

0.361
0.623
6.364

0.005

0.037
4.659

63.163

2.905

; 4.430

NA
0.646

0.453

8.003

87.192

0.179
0.212

111.910

NOAEL TRY
(mg/kg

BW/day)

7.00
NA
0.81

2.78
0.09
0.2

4.02
0.88
0.09
0.20
26

7.00
NA
0.81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

7.00
NA
0.81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

7.00
NA
0.81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

LOAEL TRY
(mg/kg

BW/day)

35.00

NA
7.05

5.55
2.39
1.0

6.03
1.75
0.18
0.20
79

35.00

NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

35.00

NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

35.00

NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

Soil HQ NOAEL

NOAEL

NC
NC

2E-01

1E+00

2E-01
2E-H10

1E-01
1E+00

2E-02

2E-01
7E-02

5E+00

NC
NC

8E-01
2E-H10
3E+00

2E+00

2E-01
1E+01
2E-01
2E-01
4E+00

3E-M)1

5E401

NC
4E-01
1E+00

3E-01

2E+00
2E-01

7E+00
5E-02

2E-01
2E-H)0

6E+01

9E-H10

NC
SE+00

NC
7E-H10

2E+00
2E+00
1E+02
2E-HJO

1E+00
5E+01

2E-KI2

LOAEL

NC
NC

2E-02

7E-01
6E-03

3E-01
7E-02

5E-01
1E-02
2E-01
2E-02

2E+00

NC
NC

1E-01
9E-01
9E-02

4E-01
1E-01
7E+00
1E-01
2E-01
1E+00

1E-HJ1

1E+01

NC
5E-02

7E-01
1E-02
4E-01
1E-01

4E400
3E-02

2E-01
7E-01

2E-H)1

2E+00

NC
6E-01

NC
3E-01
5E-01
1E+00

5E+01
1E+00

lE-t-00
2E+01

7E+01

NA = Not Available

NC = Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95LICL and the maximum.

Mercury TRV is based on inorganic mercury.

Wildlit 'c Risk_Soil rev.xls: HQ Calcs Page 1 of 1



Wildlife Hazard Quotients (HQs) for Incidental Ingesriou of Soils aud Tailings
Wildlife Receptor - American Kestrel

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designate'd Reach

Background Soils

Off-Impoundment
Soils

On-Impoundment
Soils

Site Tailings

Parameter

Aluminum
Antimony
Arsenic

Barium
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

EPC (mg/kg)

NA
NA

10.14

265.00
1.00

23.00
29.00
58.67
0.15
2.50

127.00

NA
NA

45.43
331.38
15.30
24.21
49.34
883.84

1.32
2.50

550.85

23738.97
4.42

24.05
277.01

2.03
24.31
41.97

428.97
0.32
2.50

314.05

4257.93
195.82
298.65

NA
43.58
30.53
539.46
5877.72

12.04
14.27

7544.04

Calculated
Dose (mg/kg

BW/day)

NA
NA

0.010

0.251
0.001
0.022
0.027
0.056
0.000
0.002
0.120

NA
NA

0.043
0.314
0.014
0.023
0.047
0.837
0.001
0.002
0.522

22.480
0.004
0.023
0.262
0.002
0.023
0.040
0.406
0.000
0.002
0.297

4.032
0.185
0.283
NA

0.041
0.029
0.511
5.566
0.011
0.014
7.144

NOAEL TRY
(mg/kg

BW/day)

7.00
NA
0.81

2.78
0.09
0.2

4.02
0.88
0.09
0.20
26

7.00
NA
0.81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

7.00
NA
0.81
2.78
0.09
0.2
4.02
0.88
0.09
0.20

2

7.00
NA

Ol81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

9

LOAEL TRY
(mg/kg

BW/day)

35.00
NA
7.05

5.55
2.39
1.0

6.03
1.75
0.18
0.20
79

35.00
NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

35.00
NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

35.00
NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

Soil HQ NOAEL

NOAEL LOAEL

NC
NC

1E-02
9E-02
1E-02
1E-01
7E-03
6E-02
2E-03
1E-02
5E-03

3E-OI

NC
NC

5E-02
1E-01
2E-01
1E-01
1E-02
1E+00
1E-02
1E-02
2E-01

2E+00

3E+00
NC

3E-02
9E-02
2E-02
1E-01
1E-02
5E-01
3E-03
1E-02
1E-01

4E+00

6E-01
NC

3E-01
NC

5E-01
1E-01
1E-01
6E+00
1E-01
7E-02
3E+00

1E+01

NC
NC

1E-03

5E-02
4E-04
2E-02
5E-03
3E-02
8E-04
1E-02
2E-03

JE-01

NC
NC

6E-03
6E-02
6E-03
2E-02
8E-03
5E-01
7E-03
1E-02
8E-02

7E-01

6E-01
NC

3E-03
5E-02
8E-04
2E-02
7E-03
2E-01
2E-03
1E-02
4E-02

1E+00

1E-01
NC

4E-02
NC

2E-02
3E-02
8E-02
3E+00
6E-02
7E-02
1E+00

5E+00

NA = Not Available
NC = Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95L'CL and the maximum.
Mercury TRV is based on inorganic mercury.

Wildlife Rjsk Soil rev.xls: HQ Gales Page 1 of 1



Wildlife Huzurd Quotients (HQs) for Incidental Iiigestiou of Soils and Tailings
Wildlife Receptor - Red Fox

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Ot'f-lmpouudment
Soils

On-Impoundmeut
Soils

Parameter

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI
Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Cliromium

Copper
Lead

Mercury
Selenium

Zinc
TOT.4L HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOT.iL HI

EPC (mg/kg)

NA
NA

10.14

265.00
1.00

23.00
29.00
58.67
0.15
2.50

127.00

NA
NA

45.43
331.38
15.30
24.21
49.34
883.84

1.32
2.50

550.85

23738.97
4.42

24.05.
277.01

2.03
24.31
41.97

428.97
0.32
2.50

314.05

4257.93
195.82
298.65

NA
43.58
30.53
539.46

5877.72
12.04
14.27

7544.04

Calculated
Dose (rag/kg

BW/day)

NA
NA

0.005
0.137
0.001
0.012
0.015
0.030
0.000
0.001
0.066

NA
NA

0.023
0.171
0.008
0.012
0.025
0.456
0.001
0.001
0.284

12.254
0.002
0.012
0.143
0.001
0.013
0.022
0.221
0.000
0.001
0.162

2.198
0.101
0.154
NA

0.022
0.016
0.278
3.034
0.006
0.007
3.894

NOAEL TRY
(mg/kg

BW/day)

1.36
0.03
0.20

2.02
0.50
800.0
2.21
0.42
0.34
0.13
78

1.36
0.03
0.20
2.02
0.50
800.0
2.21
0.42
0.34
0.13

1

1.36
0.03
0.20
2.02
0.50
800.0
2.21
0.42
0.34
0.13

1

1.36
0.03
0.20
2.02
0.50
800.0
2.21
0.42
0.34
0.13

1

LOAEL TRY
(mg/kg

BW/day)

6.61
0.08
0.60
6.07
0.99

2400.0
3.21
0.82
1.03
0.13
233

6.61
0.08
0.60
6.07
0.99

2400.0
3.21
0.82
1.03
0.13

2

6.61
0.08
0.60
6.07
0.99

2400.0
3.21
0.82
1.03
0.13

2

6.61
0.08
0.60
6.07
0.99

2400.0
3.21
0.82
1.03
0.13

2

Soil HQ NOAEL

NOAEL

NC
NC

3E-02
7E-02
1E-03
IE-OS
7E-03
7E-02
2E-04
1E-02
8E-04

2E-01

NC
NC

1E-01
8E-02
2E-02
2E-05
1E-02
1E+00
2E-03
1E-02
4E-01

2E-H)0
9E+00
9E-02
6E-02
7E-02
2E-03
2E-05
1E-02
5E-01
5E-04
1E-02
2E-01
1E+01

2E-H)0
4E-H)0
8E-01

NC
5E-02
2E-05
1E-01

7E+00
2E-02
6E-02
6E+00
2E-HJ1

LOAEL
NC
NC

9E-03
2E-02
5E-04
5E-06
5E-03
4E-02
8E-05
1E-02
3E-04
8E-02

NC
NC

4E-02
3E-02
8E-03
5E-06
8E-03
6E-01
7E-04
1E-02
1E-01
8E-01

2E+00
3E-02
2E-02
2E-02
1E-03
5E-06
7E-03
3E-01
2E-04
1E-02
8E-02
2E-H)0

3E-01
1E+00
3E-01

NC
2E-02
7E-06
9E-02
4E-K10
6E-03
6E-02
2E-HJO
8E+00

NA = Not Available
NC = Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95LTCL and the maximum.
Mercury TRV is based on inorganic mercury.
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Wildlife Hazard Quotients (HQs) for Incidental Ingestiou of Soils uud Tailings
Wildlife Receptor - Masked Shrew

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Off-Impoundment
Soils

On-Impouudment
Soils

Parameter

Aluminum

Antimony
Arsenic

Barium
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony

Arsenic
Barium

Cadmium
Cliromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Ajitimony
Arsenic
Barium

Cadmium
Cliromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Cliromium

Copper
Lead

Mercury
Selenium

Zinc

TOT.4L HI

EPC (mg/kg)

NA
NA

10.14

265.00
1.00

23.00
29.00
58.67
0.15
2.50

127.00 "I

NA
NA

45.43
331.38
15.30
24.21
49.34
883.84

1.32
2.50

550.85

23738.97
4.42

24.05
277.01
2.03

24.31
41.97

428.97
0.32
2.50

314.05

4257.93
195.32
298165

NA
43.58
30.53

539.46
5877.72

12.04
14.27

7544.04

Calculated
Dose (mg/kg

BW/day)

NA
NA

0.716

18.720
0.071
1.625
2.049
4.144
0.011
0.177
8.971

NA
NA

3.209
23.409
1.081
1.710
3.486

62.435
0.093
0.177

38.913

1676.957
0.312
1.699
19.568
0.144
1.717
2.965
30.303
0.023
0.177
22.185

300.787
13.833
21.097

NA
3.078
2.157

38.108
415.211
0.850
1.008

532.922

NOAEL TRY
(mg/kg

BW/day)

1.36
0.01
0.12

2.02
0.50
800.0
33.60
0.08
2.64
0.13
24

1.36
0.01

0.12
2.02
0.50
800.0
33.60
0.08
2.64
0.13

1

1.36
0.01
0.12
2.02
0.50
800.0
33.60
0.08
2.64
0.13

1

1.36
0.01
0.12
2.02
0.50
800.0
33.60
0.08
2.64
0.13

1

LOAELTRV
(mg/kg

BW/day)

6.61
0.02
0.36

6.07
0.99

2400.0
72.40
0.25
7.92
0.13
48

6.61
0.02
0.36
6.07
0.99

2400.0
72.40
0.25
7.92
0.13

2

6.61
0.02
0.36
6.07
0.99

2400.0
72.40
0.25
7.92
0.13

2

6.61
0.02
0.36
6.07
0.99

2400.0
72.40

0.25
7.92
0.13

9

Soil HQ NOAEL

NOAEL

NC
NC

6E-HH)
9E400
1E-01
2E-03
6E-02
5E+01
4E-03
1E+00
4E-01

7E-HM

NC
NC

3E-HH
1E+01

2E+00
2E-03
1E-01

7E+02
4E-02
1E+00
6E-H11

8E+02

1E-HB
5E+01
1E+01
1E+01
3E-01
2E-03
9E-02
4E+02
9E-03
1E+00
3E+01

2E-H)3

2E+02
2E+03
2E+02

NC
6E+00
3E-03
1E+00

5E+03
3E-01
8E+00
8E+02

8E+03

LOAEL

NC
NC

2E-H10

3E-H10
7E-02
7E-04
3E-02
2E-H11
IE-OS
1E+00
2E-01

2E+01

NC
NC

9E-H10
4E+00
1E+00
7E-04
5E-02
2E+02
1E-02
1E+00
2E+01

3E+02

3E+02
2E+01
5E+00
3E+00
1E-01
7E-04
4E-02
1E+02
3E-03
1E+00
1E+01
4E+02

5E+fll
7E+02
6E+01

NC
3E+00
9E-04
5E-01

2E+03
1E-01

8E-H)0
3E+02

3E+03

NA = Not Available
NC = Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to tlie minimum of the 95UCL and the maximum.
Mercury TRY is based on inorganic mercury.
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Wildlife Hazard Quotients (HQs) for Incidental lugestiou of Soils uud Tailings
Wildlife Receptor - Deer Mice

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Ot'f-Impouudment
Soils

Oil-Impoundment
Soils

Site Tailings

Parameter

Aluminum
Antimony

Arsenic

Barium
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury

Selenium
Zinc

TOTAL HI

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

Aluminum
Antimony

.Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc

TOTAL HI

EPC (mg/kg)

NA
NA

10.14

265.00
1.00

23.00
29.00
58.67
0.15
2.50

127.00

NA
NA

45.43
331.38
15.30
24.21
49.34
883.84

1.32
2.50

550.85

23738.97
4.42
24.05

277.01
2.03

24.31
41.97

428.97

0.32
2.50

314.05

4257.93
195.82
298.65

NA
43.58
30.53
539.46
5877.72

12.04
14.27

7544.04

Calculated
Dose (mg/kg

BW/day)

NA
NA

0.029
0.767
0.003
0.067
0.084
0.170
0.000
0.007
0.368

NA
NA

0.132
0.959
0.044
0.070
0.143
2.558
0.004
0.007
1.595

68.718
0.013
0.070
0.802
0.006
0.070
0.122
1.242
0.001
0.007
0.909

12.326
0.567
0.865)
NA

0.126
0.088
1.562

17.014
0.035
0.041

21.838

NOAEL TRY
(mg/kg

BW/day)

2.27
0.03
2.53

3.37
0.83

1333.3
168.00
0.42
6.60
0.22
40

2.27
0.03
2.53
3.37
0.83

1333.3
168.00
0.42
6.60
0.22

1

2.27
0.03
2.53
3.37
0.83

1333.3
168.00
0.42
6.60
0.22

1

2.27
0.03
2.53
3.37
0.83

1333.3
168.00
0.42
6.60
0.22

1

LOAEL TRY
(mg/kg

BW/day)

11.01
0.08
7.59

10.11
1.65

4000.0
362.00

1.25
19.80
0.22
80

11.01
0.08
7.59
10.11
1.65

4000.0
362.00

1.25
19.80
0.22
j

11.01
0.08
7.59
10.11
1.65

4000.0
362.00

1.25
19.80
0.22

3

11.01
0.08
7.59
10.11
1.65

4000.0
362.00

1.25
19.80
0.22

J

Soil HQ NOAEL

NOAEL
NC
NC

1E-02
2E-01
4E-03
5E-05
5E-04
4E-01
7E-05
3E-02
9E-03
7E-01

NC
NC

5E-02
3E-01
5E-02
5E-05
9E-04

6E+00
6E-04
3E-02
1E+00

8E+00
3E-H11

5E-01
3E-02
2E-01
7E-03
5E-05
7E-04
3E-K10
1E-04
3E-02
8E-01
3E+01

5E+00
2E+01

3E-01
NC

2E-01
7E-05
9E-03
4E+01
5E-03
2E-01
2E-HM
9E-H)1

LOAEL
NC
NC

4E-03

8E-02
2E-03
2E-05
2E-04
1E-01
2E-05
3E-02
5E-03

3E-01

NC
NC

2E-02
9E-02
3E-02
2E-05
4E-04
2E+00
2E-04
3E-02
5E-01
3E+00

6E-HJO
2E-01
9E-03
8E-02
4E-03
2E-05
3E-04
1E+00
5E-05
3E-02
3 £-01

8E+00

1E+00
8E+00
1E-01
NC

8E-02
2E-05
4E-03
1E+01
2E-03
2E-01
7E+00

3E+01

NA = Not Available
NC = Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRV is based on inorganic mercury.
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Wildlife Hazard Quotients (HQs) for Incidental lugestiou of Soils aud Tailings
Wildlife Receptor - Greater-Sage Grouse

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Off-Impoundment
Soils

Ou-Impoundraeut
Soils

Site TaUiu°s

Parameter

Aluminum

Antimony
Arsenic

Barium
Cadmium
Chromium

Copper

Lead

Mercury

Selenium
Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium
Zinc

TOTAL HI

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium
Zinc

TOTAL HI

Aluminum

Antimony
Arsenic

Barium

Cadmium

Cliromium

Copper

Lead

Mercury

Selenium
Zinc

TOTAL HI

EPC (mg/kg)

NA
NA

10.14

265.00

1.00
23.00

29.00

58.67

0.15
2.50

127.00

NA
NA

45.43

33 1.38
15.30
24.21
49.34

883.84

1.32
2.50

550.85

23738.97

4.42
24.05

277.01

2.03
24.31
41.97

428.97

0.32
2.50

314.05

4257.93

195.82

298.65

NA
43.58

30.53

539.46

5877.72

12.04
14.27

7544.04

Calculated
Dose (mg/kg

BW/day)

NA
NA

0.003

0.076

0.000

0.007

0.008

0.017
0.000

0.001
0.036

NA
NA

0.013
0.095

0.004

0.007

0.014
0.254

0.000

0.001
0.158

6.812
0.001
0.007

0.079

0.001
0.007

0.012
0.123
0.000

0.001
0.090

1.222
0.056

0.086

NA
0.013
0.009

0.155
1.687
0.003

0.004
2.165

NOAEL TRY
(mg/kg

BW/day)

7.00
NA
0.81

2.78
0.09
0.2
4.02
0.88
0.09
0.20
26

7.00
NA
0.81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

7.00
NA
0.81
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

7.00
NA
0.81i
2.78
0.09
0.2

4.02
0.88
0.09
0.20

2

LOAEL TRY
(mg/kg

BW/day)

35.00

NA
7.05

5.55
2.39
1.0

6.03
1.75
0.18
0.20
79

35.00

NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

35.00

NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

35.00

NA
7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

7

Soil HQ NOAEL

NOAEL

NC
NC

4E-03

3E-02

3E-03

3E-02

2E-03

2E-02
5E-04

4E-03
1E-03

9E-02

NC
NC

2E-02

3E-02

5E-02

3E-02

4E-03
3E-01
4E-03

4E-03
7E-02

5E-01

1E+00
NC

8E-03

3E-02

7E-03

3E-02

3E-03
1E-01
1E-03
4E-03
4E-02

1E+00

2E-01
NC

1E-01
NC

1E-01
4E-02
4E-02

2E+00

4E-02

2E-02
1E+00

3E+00

LOAEL

NC
NC

4E-04

1E-02
1E-04
7E-03

1E-03
1E-02
2E-04

4E-03
5E-04

4E-02

NC
NC

2E-03
2E-02

2E-03

7E-03

2E-03

1E-01
2E-03

4E-03

2E-02

2E-OJ

2E-01
NC

1E-03
1E-02
2E-04

7E-03

2E-03

7E-02

5E-04

4E-03
1E-02
3E-OJ

3E-02

NC
1E-02

NC
5E-03

9E-03
3E-02

1E+00

2E-02

2E-02

3E-01
IE+00

NA = Not Available

NC = Not Calculated

HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.

Mercury TRV is based on inorganic mercury.
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DRAFT

Wildlife Hazard Quotients (HQs) for Ingestion of Terrestrial Plants
Wildlife Receptor - Deer Mice

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

Designated Reach

Background Soils

Off-Site Soils

On-Site Soils

Parameter

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (mg/kg ww)

0.27
0.33
3.90
1.38
0.07
0.74
37.66

0.60
1.46
4.81
6.00
0.23
0.74

85.03

0.43
0.48
4.51
4.21
0.11
0.74
62.25

2.66
6.14
13.23
46.97
0.92

< 4.21
659.05

Calculated
Dose (mg/kg

BW/day)

0.070
0.087
1.026
0.363

0.0184
0.195
9.911

0.158
0.384
1.265
1.578
0.060
0.195
22.376

0.114
0.128
1.187
1.108
0.028
0.195
16.381

0.699
1.616
3.481
12.362
0.241
1.108

173.433

NOAEL TRY
(mg/kg

BW/day)

2.5
0.8
168
0.4

6.60
0.13
40

2.5
0.8
168
0.4
6.60
0.13
40

2.5
0.8
168
0.4

6.60
0.13
40

2.5
0.8
168
0.4

6.60
0.13
40

LOAEL TRY
(mg/kg

BW/day)

7.6
1.7
362
1.3

19.80
0.22
80

7.6
1.7
362
1.3

19.80
0.22
80

7.6
1.7
362
1.3

19.80
0.22
80

7.6
1.7
362
1.3

19.80
0.22
80

Plant
Ingestion HQ

NOAEL

3E-02
1E-01
6E-03
9E-01
3E-03
1E+00
2E-01
3E+00
6E-02
5E-01
8E-03
4E+00
9E-03
1E+00
6E-01
6E+00
5E-02
2E-01
7E-03
3E+00
4E-03
1E+00
4E-01
5E+00
3E-01
2E+00
2E-02
3E+01
4E-02
8E+00
4E+00
4E+01

Plant
Ingestion HQ

LOAEL

9E-03
5E-02
3E-03
3E-01
9E-04
9E-01
1E-01

1E+00
2E-02
2E-01
3E-03
1E+00
3E-03
9E-01
3E-01
3E+00
2E-02
8E-02
3E-03
9E-01
1E-03
9E-01
2E-01
2E+00
9E-02
1E+00
1E-02
1E+01
1E-02

5E+00
2E+00
2E+01

\

HQs greater than one are shown in boldface type.
EPC is equal to die estimated plant concentration based on the minimum of the 95UCL and the maximum in soil.

Plant tissue concentrations were estimated using the equation: ln(conc in plant dw)=B0+B1(ln[conc in soil dw])
Dry weight concentrations were converted to wet weight using a conversion factor (CF) of 0.53 [DOI, 1998].
Mercury TRY is based on inorganic mercury.
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DRAFT

Wildlife Hazard Quotients (HQs) for Ingestion of Terrestrial Plants
Wildlife Receptor - Greater-Sage Grouse

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

Designated Reach

Background Soils

Off-Site Soils

On-Site Soils

Site Tailings

Parameter

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (mg/kg ww)

0.27
0.33
3.90
1.38
0.07
0.74
37.66

0.60
1.46
4.81
6.00
0.23
0.74
85.03

0.43
0.48
4.51
4.21
0.11
0.74
62.25

2.66
6.14
13.23
46.97
0.92
4.21 i

659.05

Calculated
Dose (mg/kg

BW/day)

0.012
0.014
0.170
0.060

0.0030
0.032
1.643

0.026
0.064
0.210
0.262
0.010
0.032
3.710

0.019
0.021
0.197
0.184
0.005
0.032
2.716

0.116
0.268
0.577
2.049
0.040
0.184

28.753

NOAEL TRY
(mg/kg

BW/day)

0.8
0.1
4

0.9
0.09
0.10
26

0.8
0.1
4

0.9
0.09
0.10
26

0.8
0.1
4

0.9
0.09
0.10
26

0.8
0.1
4

0.9
0.09
0.10
26

LOAEL TRY
(mg/kg

BW/day)

7.1
2.4
6

1.8
0.18
0.20
79

7.1
2.4
6

1.8
0.18
0.20
79

7.1
2.4
6

1.8
0.18
0.20
79

7.1
2.4
6

1.8
0.18
0.20
79

Plant
Ingestion HQ

NOAEL

1E-02
2E-01
4E-02
7E-02
3E-02
3E-01
6E-02
7E-OI
3E-02
7E-01
5E-02
3E-01
1E-01
3E-01
1E-01

2E+00
2E-02
2E-01
5E-02
2E-01
5E-02
3E-01
1E-01

1E+00
1E-01
3E+00
1E-01
2E+00
4E-01
2E+00
1E+00
9E+00

Plant
Ingestion HQ

LOAEL

2E-03
6E-03
3E-02
3E-02
2E-02
2E-01
2E-02
3E-01
4E-03
3E-02
3E-02
1E-01
5E-02
2E-01
5E-02
5E-01
3E-03
9E-03
3E-02
1E-01
3E-02
2E-01
3E-02
4E-01
2E-02
1E-01
1E-01
1E+00
2E-01
9E-01
4E-01
3E+00

HQs greater than one are shown in boldface type.
EPC is equal to the estimated plant concentration based on the minimum of the 95UCL and the maximum in soil.

Plant tissue concentrations were estimated using the equation: ln(conc in plant dw)=B0+B1(hi[conc in soil dw])
Dry weight concentrations were converted to wet weight using a conversion factor (CF) of 0.53 [DOI, 1998].
Mercury TRY is based on inorganic mercury.
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DRAFT

Wildlife Hazard Quotients (HQs) for Ingestion of Small Mammals
Wildlife Receptor - American Kestrel

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

Designated Reach

Background Soils

Off-Site Soils

Oil-Site Soils

j

Site Tailings

Parameter

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Maximum
Estimated

Concentration
(ing/kg ww)

0.04
3.03
1.54
1.58

10.16
8.00
0.01
0.63
85.04

0.18
3.79

21.29
1.64

11.18
29.95
0.05
0.63
94.77

0.09
3.16
3.04
1.64

10.86
21.06
0.01
0.63
90.92

1.57
NA

58.40
1.94
19.26
75.34
0.44
1.22

114.96

Calculated Dose
(mg/kg

BW/day)

0.01099
0.869
0.441
0.452
2.917
2.294

0.001589
0.1818
24.403

0.053
1.086
6.111
0.470
3.207
8.594

0.0140
0.1818
27.194

0.0255
0.908
0.873
0.471
3.116
6.044

0.00342
0.18177
26.089

0.4492
NA

16.757
0.557
5.526

21.619
0.1275
0.3502
32.988

NOAEL TRY
(mg/kg

BW/day)

0.81
2.78
0.09
0.20
4.02
0.88
0.05
0.10
26

0.81
2.78
0.09
0.20
4.02
0.88
0.05
0.10
26

0.81
2.78
0.09
0.20
4.02
0.88
0.05
0.10
26

0.81
2.78
0.09
0.20
4.02
0.88
0.05
0.10
26

LOAEL TRY
(mg/kg

BW/day)

7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20

79

7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20
79

7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20
79

7.05
5.55
2.39
1.0

6.03
1.75
0.18
0.20
79

Small Mamma
Ingestion HQ

NOAEL

1E-02
3E-01
5E+00
2E+00
7E-01
3E+00
4E-02
2E+00
9E-01
1E+01
6E-02
4E-01
7E+01
2E+00
8E-01
1E+01
3E-01
2E+00
1E+00
9E+01
3E-02
3E-01
1E+01
2E+00
8E-01
7E+00
8E-02
2E+00
1E+00
2E+01
6E-01

NC
2E+02
3E+00
1E-K)0
2E+01
3E+00
4E+00
1E+00
2E+02

Small Mamma
Ingestion HQ

LOAEL

2E-03
2E-01
2E-01
5E-01
5E-01
1E+00
9E-03
9E-01
3E-01
4E+00
7E-03
2E-01
3E+00
5E-01
5E-01
5E+00
8E-02
9E-01
3E-01
1E+01
4E-03
2E-01
4E-01
5E-01
5E-01
3E+00
2E-02
9E-01
3E-01
6E+00
6E-02
NC

7E+00
6E-01
9E-01
1E+01
7E-01
2E+00
4E-01
2E+01

HQs greater than one are shown in boldface type.
EPC is equal to theestimated small mammal concentration based on the minimum ofthe 95UCL and the maximum in

Small mammal tissue concentrations were estimated using the equation: ln(conc in small mammals dw)=B0+B1(hi[conc in soil dw])
Dry weight concentrations were converted to wet weight using a conversion lactor (CF) of 0.68 [EPA, 1 993]. dw = ww * CF
Mercury TRY is based on organic mercury.
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DRAFT

Wildlife Hazard Quotients (HQs) for Ingestion of Small Mammals
Wildlife Receptor - Red Fox

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

Designated Reach

Background Soils

Off-Site Soils

Oil-Site Soils

i<

. . .

Parameter

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Maximum
Estimated

Concentration
(mg/kg ww)

0.04
3.03
1.54
1.58
10.16
8.00
0.01
0.63
85.04

0.18
3.79

21.29
1.64

11.18
29.95
0.05
0.63
94.77

0.09
3.16
3.04
1.64
10.86
21.06
0.01
0.63
90.92

1.57
NA

58.40
1.94
19.26
75.34
0.44
1.22

114.96

Calculated Dose
(mg/kg

BW/day)

0.00262
0.207
0.105
0.108
0.694
0.546

0.000378
0.0433
5.807

0.013
0.258
1.454
0.112
0.763
2.045

0.0033
0.0433
6.471

0.0061
0.216
0.208
0.112
0.741
1.438

0.00081
0.04325

6.208

0.1069
NA

3.987
0.133
1.315
5.144

0.0303
0.0833
7.850

NOAEL TRY
(mg/kg

BW/day)

0.20
2.02
0.50

800.00
2.21
0.42
0.06
0.08
78

0.20
2.02
0.50

800.00
2.21
0.42
0.06
0.08
78

0.20
2.02
0.50

800.00
2.21
0.42
0.06
0.08
78

0.20
2.02
0.50

800.00
2.21
0.42
0.06
0.08
78

LOAEL TRY
(mg/kg

BW/day)

0.60
6.07
0.99

2400.0
3.21
0.82
0.10
0.13
233

0.60
6.07
0.99

2400.0
3.21
0.82
0.10
0.13
233

0.60
6.07
0.99

2400.0
3.21
0.82
0.10
0.13
233

0.60
6.07
0.99

2400.0
3.21
0.82
0.10
0.13
233

Small Mamma
Ingestion HQ

NOAEL

1E-02
1E-01
2E-01
1E-04
3E-01
1E+00
6E-03
5E-01
7E-02
3E+00
6E-02
1E-01

3E+00
1E-04
3E-01
5E+00
6E-02
5E-01
8E-02
9E+00
3E-02
1E-01
4E-01
1E-04
3E-01
3E+00
1E-02
5E-01
8E-02
5E+00

5E-01
NC

8E+00
2E-04
6E-01
1E+01
5E-01
1E+00
1E-01
2E+01

Small Mamma
Ingestion HQ

LOAEL

4E-03
3E-02
1E-01
4E-05
2E-01
7E-01
4E-03
3E-01
2E-02
1E+00
2E-02
4E-02
1E+00
5E-05
2E-01
3E+00
3E-02
3E-01
3E-02
5E+00
1E-02
4E-02
2E-01
5E-05
2E-01
2E+00
8E-03
3E-01
3E-02
3E+00
2E-01
NC

4E+00
6E-05
4E-01
6E+00
3E-01
6E-01
3E-02
1E+01

HQs greater than one are shown in
EPC is equal to the estimated small

boldface type.
mammal concentration based on the minimum ofthe 95UCL and the maximum in s>il.

Small mammal tissue concentrations were estimated using the equation: ln(conc in small mammals dw)=B0+B1(hi[conc in soil dw])
Dry weight concentrations were converted to wet weight using a conversion iactor (CF) of 0.68 [EPA, 1993]. dw = ww * CF
Mercury TRY is based on organic mercury.
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Wildlife Hazard Quotients (HQs) for Ingestion of Earthworms
Wildlife Receptor - American Robin

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Off-Site Soils

On-Site Soils

Site Tailings

i

Parameter

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (mg/kg ww)

1.04
6.96
10.91
18.06
0.48
1.53

351.97

3.00
60.84
12.55

161.19
1.00
1.53

569.53

1.92
12.23
12.03
89.94
0.62
1.53

473.67

1 1 .34
139.83
23.60

743.63
2.10
5.47

1343.72

Calculated
Dose (ing/kg

BW/day)

1.002
6.701
10.508
17.396
0.462
1.469

339.038

2.891
58.608
12.092

155.264
0.961
1.469

548.603

1.845
11.776
11.586
86.640
0.598
1.469

456.265

10.923
134.690
22.736

716.308
2.023
5.269

1294.358

NOAEL TRY
(mg/kg

BW/day)

0.81
0.09
4.02
0.88

0.045
0.10
26

0.81
0.09
4.02
0.88
0.045
0.10
26

0.81
0.09
4.02
0.88

0.045
0.10
26

0.81
0.09
4.02
0.88
0.045
0.10
26

LOAEL TRY
(mg/kg

BW/day)

7.05
2.39
6.03
1.75

0.181
0.20
79

7.05
2.39
6.03
1.75

0.181
0.20
79

7.05
2.39
6.03
1.75

0.181
0.20
79

7.05
2.39
6.03
1.75

0.181
0.20
79

Earthworm
Ingestion HQ

NOAEL

1E+00
8E+01
3E+00
2E+01
1E+01
1E+01
1E+01
1E+02
4E+00
7E+02
3E+00
2E+02
2E+01
1E+01
2E+01
9E+02

2E+00
1E+02
3E+00
1E+02
1E+01
1E+01
2E+01
3E+02

1E+01
2E+03
6E+00
8E+02
4E+01
5E+01
5E+01
3E+03

Earthworm
Ingestion HQ

LOAEL

1E-01
3E+00
2E+00
1E+01
3E+00
7E+00
4E+00
3E+01
4E-01
2E+01
2E+00
9E+01
5E+00
7E+00
7E+00
1E+02

3E-01
5E+00
2E+00
5E+01
3E+00
7E+00
6E+00
7E+01
2E+00
6E+01
4E+00
4E+02
1E+01
3E+01
2E+01
5E+02

HQs greater than one are shown hi boldface type.
EPC is equal to the estimated earthworm concentration based on the minimum of the 95UCL and the maximum in soil.

Earthworm tissue concentrations were estimated using the equation: ln(conc in earthworm dw)=B0+B1(ln[conc in soil dw])
Dry weight concentrations were converted to wet weight using a conversion factor (CF) of 0.84 [EPA, 1993]. dw = ww * CF
Mercury TRV is based on organic mercury.
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Wildlife Hazard Quotients (HQs) for Ingestion of Earthworms
Wildlife Receptor - Masked Shrew

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Background Soils

Off-Site Soils

On-Site Soils

Site Tailings

Parameter

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

Arsenic
Cadmium

Copper
Lead

Mercury
Selenium

Zinc
TOTAL HI

EPC (ing/kg ww)

1.04
6.96
10.91
18.06
0.48
1.53

351.97

3.00
60.84
12.55

161.19
1.00
1.53

569.53

1.92
12.23
12.03
89.94
0.62
1.53

473.67

11.34
139.83
23.60
743.63

2.10
5.47

1343.72

Calculated
Dose (mg/kg

BW/day)

1.767
11.813
18.525
30.667
0.814
2.590

597.681

5.096
103.318
21.316

273.710
1.695
2.590

967.119

3.252
20.760
20.425
152.736

1.054
2.590

804.338

19.257
237.442
40.080

1262.761
3.566
9.288

2281.793

NOAEL TRY
(mg/kg

BW/day)

0.12
0.50
33.60
0.08
0.005
0.08
24

0.12
0.50
33.60
0.08
0.005
0.08
24

0.12
0.50
33.60
0.08
0.005
0.08
24

0.12
0.50
33.60
0.08
0.005
0.08
24

LOAEL TRY
(mg/kg

BW/day)

0.36
0.99
72.40
0.25

0.023
0.13
48

0.36
0.99
72.40
0.25
0.023
0.13
48

0.36
0.99
72.40
0.25

0.023
0.13
48

0.36
0.99
72.40
0.25

0.023
0.13
48

>

Earthworm
Ingestion HQ

NOAEL

1E+01
2E+01
6E-01
4E+02
2E+02
3E+01
2E+01
6E+02

4E+01
2E+02
6E-01
3E+03
4E+02
3E+01
4E+01
4E+03
3E+01
4E+01
6E-01
2E+03
2E+02
3E+01
3E+01
2E+03
2E+02
5E+02
1E+00
2E+04
8E+02
1E+02
1E+02
2E+04

Earthworm
Ingestion HQ

LOAEL

5E+00
1E+01
3E-01
1E+02
4E+01
2E+01
1E+01
2E+02
1E+01
1E+02
3E-01
1E+03
8E+01
2E+01
2E+01
1E+03
9E+00
2E+01
3E-01
6E+02
5E+01
2E+01
2E+01
7E+02
5E+01
2E+02
6E-01
5E+03
2E+02
7E+01
5E+01
6E+03

HQs greater than one are shown in boldface type.
EPC is equal to the estimated earthworm concentration based on the minimum of the 95UCL and the maximum in soil.

Earthworm tissue concentrations were estimated using the equation: ln(conc in earthworm dw)=B0+B1(ln[conc in soil dw])
Dry weight concentrations were convened to wet weight using a conversion factor (CF) of 0.84 [EPA, 1993]. dw = ww * CF
Mercury TRY is based on organic mercury.
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Hazard Quotients (HQs) for the Ingest ion of Fish

Wildlife Receptor - Belted Kingfisher

Richardson Flat Tailings Site

Screening Ecological Risk .4ssessntfnt

DRAFT

Designated Reach

Upstream Silver
Creek

Downstream Silver
Creek

South Diversion
Ditcli

Wetlands .Area

Parameter

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium
Vanadium

Zinc
TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercurv
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium
Vanadium

Zinc
TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium
Vanadium

Zinc
TOTAL HI

EPC (mg/kg
WVf)*

15.220
SS9

1.735

NA
179

42

NA
2,559

42.990
NA
1.6

NA
33.5

NA

NA

44.560

1 1,590

140
341

NA
5S

32

NA
766

11.130
NA
0.44

NA

1 1

NA

NA

11,950

15,125
93

163

NA

66.2
23.5

NA

270

3,1)42
NA

1.6

NA

7.0

NA

NA

12,000

2S,SOO
99

299.S
562

93.1
62.4

20

725

6,520
42.000

S.2

97.2

43.1

12.16

70.6

15,200

Calculated Dose
(ing/kg BW/day)

755S.2313
441.4762
S61.59S6

NA

SS.S912
20.8571

NA
1270.7959

2134S.7755
NA

0.7946
NA

16.6361
NA

NA

22128.4354

5755.57S2
69.523S
169.3401

NA
2S.S027
15.S912

NA
3S0.3946
5527.1429

NA

0.21S5
NA

5.4626
NA

NA

5934.3537

7511.2714
46.1194
SO.SS26

NA
32.S656
11.6791

NA
133.S966

1510.5955
NA

0.7946
NA

3.4666
NA

NA

5959.1837

14302. 040S
49.1633
14S.S654
279.0SS4
46.2333
30.9S7S
9.9320

360.0340
3237. S231

20S57.1429
4.0721

4S.2694
21.4034
6.0395
35.0599

7548.2993

TRV
(,n«/kg

R\V/i4«irt

7.0

NA

O.S

2.S
0.09

0.2

0.3

4.0
0.9

65

0.09

5.2

0.100

NA

2.3

26

7.0

NA

O.S

2.S
0.09

0.2
0.3

4.0

0.9

65

0.09

5.2

0.100

NA

2.3

26

7.0

NA

0.8

2.S

0.09

0.2

0.3
4.0

0.9

65

0.09

5.2

0.100

NA

2.3

26

7.0

NA

O.S

2.S

0.09

0.2

0.3

4.0

0.9

65

0.09

5.2

0.100

NA

2.3

26

TRY
(ing/kg

RH7/il«iri

35

NA
7.1

5.6
2.4

1.0

0.5

6.0

l.S

195

0.1S

15

0.20

NA
6.S

79

35

NA
7.1

5.6

2.4

1.0

0.5

6.0

l.S

195
0.18

15

0.20

NA

6.S

79

35

NA
7.1

5.6

2.4

1.0

0.5

6.0

l.S

195

0.1S

15
0.20

NA

6.S

79

35

NA

7.1

5.6

2.4

1.0

0.5

6.0

l.S

195

0.1S

15

0.20

NA

6.S

79

Fish Ingestion HQ

NOAEL
1E+03

NC

1E+03
NC

1E+03
1E+02

NC
3E+02
2E+04

NC
9E+00

NC
2E+02

NC

NC

8E+02
3E+04
8E+02

NC
2E+02

NC
3E+02
8E+01

NC
9E+01
6E+03

NC

2E+00
NC

5E+01
NC
NC

ZE+02
8E+03
1E+03

NC
1E+02

NC
4E+02
6E+01

NC

3E+01
2E+03

NC

9E+00
NC

3E+01
NC
NC

2E-KI2
4E+03
2E+03

NC

2E+02
1E+02
5E+02
2E+02
4E+01
9E+01
4E+03
3E+02
5E+01
9E+00
2E+02

NC
2E+01
3E+02
8E4O3

LOAEL
2E+02

NC
1E+02

NC
4E+01
2E+01

NC
2E+02
1E+04

NC
4E+00

NC
8E+01

NC
NC

3E+02
1E+04
2E-H)2

NC
2E+01

NC
1E+01
2E+01

NC
6E+01
3E+03

NC

1E+00
NC

3E+01
NC
NC

8E-KI1
4E+O3
2E+02

NC
1E+01

NC

1E+01
1E+01

NC
2E+01
9E+02

NC
4E+00

NC
2E+01

NC

NC

8E-KU
1E403
4E+02

NC

2E+01
5E+01
2E+01
3E+01

2E+01
6E+01
2E+03
1E+02
2E-HU
3E+00
1E+02

NC
5E+00

1E-K12
3E+03

NA = Not Available
NC = Mot CalcuJaled

*Assumes a sediment to fish tissue bioaccumulation factor (BAF) of I.
HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercurv TRV is based on organic mercurv.
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Hazard Quotients (HQs) for the Ingestion ofFish

Wildlife Receptor - Miiik

Richardson Flat Tailings Site

Screening Ecological Risk Assessment

DRAFT

Designated Reacli

Upstream Silver
Creek

Downstream Silver
Creek

South Diversion
Ditch

Wetlands Area

Parameter

Aluminum
ArJtimonv
Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese.

Mercury
Nickel

Seienium
Thallium
Vanadium

Zinc
TOTAL HI
Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium
Vanadium

Zinc
TOTAL HI
Aluminum
Antimonv

Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese

Mercury
Nickel

Selenium
Thallium

Vanadium
Zinc

TOTAL HI

EPC (ing/kg
vrw)*

15,220
8 89

1,735

NA

179

42

NA

2,559
42,990

NA
1.6

NA

33.5

NA

NA

44,560

11,590
140

341

NA
5S

32

NA

766

11,130
NA
0.44

NA
11

NA

NA

11,950

15,125
93

163
NA
66.2

23.5

NA

270

3,042
NA

1.6

NA
7.0

NA

NA

12,000

• 2S.SOO
99

299. S

562

93.1
62.4

20

725

6,520
-12.000

S.2

97.2

43.1

12.16

70.6

15,200

Calculated Dose
(ing/kg BW/day)

2436.2950
142.3040
277.724S

NA
2S.6529
6.7230

NA

409.6241
6SS 1.4928

NA

0.2561
NA

5.3624
NA

NA

7132.S05S

1855. 233S
22.4101
54.5S45

NA

9.2S42
5.1223

NA

122.6151
178 1.6007

NA
0.0704

NA
I.760S

NA

NA

1912.S597

2421. 15S1
14.S660
26.0714

NA

I0.593S
3.7646

NA

43.159S
486.9203

NA

0.2561
NA

1 . 1 1 74

NA

NA

1920.8633

4610.0719
15.8471

47.9S4S
89.9604
14.9027
9.9SS5
3.2014

116.0522
1043.6691
6723.0216

1.3126
15.5590
6.8991
1.9467

11.3011
2433.0935

TRV
<mg/kg

RW/daiA

1.4

0.01

0.2

2.0
0.50

800

1.3
S.S

0.3

IS
1.37

8.0
0.079
0.002

0.7

311

1.4

0.01

0.2

2.0

0.50

800

1.3

S.S

0.3

IS
1.37

8.0

0.079
0.002

0.7

311

1.4

0.01

0.2

2.0

0.50

SOO

1.3

S.S

0.3

IS
1.37

8.0

0.079
0.002

0.7

311

1.4

0.01

0.2

2.0

0.50

SOO

1.3

S.S

0.3

IS

1.37

S.O

0.079
0.002

0.7

311

TRV
(ing/kg

RtV/JalA

7

0.02

0.5

6.1

1.0

2400.0
4.0

12.8
0.6

57

4.11

24

0.13

0.01

2.0

933

7

0.02
0.5

6.1

1.0

2400.0
4.0

12.8

0.6
57

4.11

24

0.13

0.01

2.0

933

7

0.02
0.5

6.1

1.0

2400.0
4.0

12.S

0.6
57

4.11

24

0.13

0.01

2.0

933

7

0.02

0.5
6.1

1.0

2400.0
4.1)

12.S

0.6

57

4.11

24

0.13

0.01

2.0

933

Fisli Iiigestion HQ

NOAEL
2E+03
2E+04
2E+03

NC
6E+01
SE-03

NC

SE+fll
2E+04

NC
2E-01

NC
7E-HH

NC

NC
2E401
5E404
1E+03
4E+03
4E+02

NC
2E+01
6E-03

NC

1E+01

6E+03
NC

5E-02
NC

2E+01
NC

NC

SE+00
1E-HM

2E+03
2E+03
2E+02

NC
2E+01
5E-03

NC

5E+00
2E+03

NC

2E-01

NC
1E+01

NC
NC

6E+00

6E-H13
3E+03
3E+03
3E+02
4E+01
3E+01
1E-02

2E-HJO
1E+01

3E+03
4E+02
1E+00
2E+00
9E+OI
1E+03
2E+01
8E+00

1E+04

LOAEL
4E+02
8E+03
6E+02

NC
3E+01
3E-03

NC
3E+01

1E+04
NC

6E-02
NC

4E+01
NC
NC

8E+00

2E+O4
3E+02
1E+03
1E+02

NC
9E+00
2E-03

NC
1E+01
3E+03

NC
2E-02

NC

1E+01

NC

NC

2E+00
5E-HJ3
4E+02
8E+02
6E+01

NC
1E+01
2E-03

NC
3E+00
8E+02

NC
6E-02

NC

9E+00
NC

NC
2E+00

2E+03
7E+02
8E+02
1E+02
1E+01

2E+01
4E-03
SE-01

9E+00
2E+03
1E+02
3E-01

6E-01
5E+01
3E+02
6E+00
3E+00

4E-MI3
NA= Not Available
NC = Not Calculated

*Assumes a sediment lo fish tissue bioaccumulation factor (BAF) ot 1.
HQs greater than one are shown in boldface type.
EPC is equal to the minimum of the 95UCL and the maximum.
Mercury TRV is based on organic mercurv.
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Hazard Quotients (HQs) for the Ingestion of Benthics
Wildlife Receptor - Mallard Duck

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

DRAFT

Designated Reach

Upstream Silver
Creek

Downstream Silver
Creek

South Diversion
Ditcli

Wetlands Area

Parameter

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
Mercury
Nickel

Selemum
Thallium

Vanadium
Zinc

TOTAL HI
Aluminum

Antimony
Arsenic
Banum

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
Mercury
Nickel

Selenium
Thallium
Vanadium

Zinc
TOT.4L HI
Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper
Lead

Manganese
Mercury
Nickel

Selenium
Thallium
Vanadium

Zinc

TOTAL HI
Aluminum
Antimonv
Arsenic
Barium

Cadmium
Chromium

Cobalt
Copper

Lead
Manganese
Mercury

Nickel
Selenium
Thallium

Vanadium
Zinc

TOTAL HI

EPC (mgftg
ww)*

2,283
-133
180
NA

1115.6175
2.9484

NA
9,162
3,914
NA

0.68832
NA
4.8
NA
NA

50,310

1,739
21

35.2935
NA

361.485
2.2464

NA
2,743
1,013
NA

0.189288
NA
1.65
NA
NA

13,492

2,269
14
17

NA
412.5

1.7

NA
965
277

NA
0.68832

NA
1.0
NA
NA

13,549

4.320

15
31.0

84.3
580.24575
4.3804S

15.75
2,596
594

6,300
3.52764

33.8256
6.465

1.82
10.59

17,162

Calculated Dose
(ing/kg BW/day)

635.8270
37.1386
50.0118

NA
310.7051

O.S2I1
NA

2551.8021
1090.1354

NA
0.1917

NA
1.336S

NA
NA

14011.7181

484.1810

5.8486
9.8294

NA
100.6754
0.6256

NA
763.8454

282.2332
NA

0.0527

NA
0.4595

NA
NA

3757.6309

63I.S765
3.8797
4.6949

NA
114.8764
0.4598

NA
268.8689
77.1357

NA
0.1917

NA
0.2916

NA
NA

3773.3532

1203.1417

4.1358
8.6410

23.4780
161.6014

1 .2200
4.3865

722.9607
165.3334

1754.5816
0.9825
9.4206
1.8005
0.5081
2.9494

4779.5807

. NOAEL
TRY (ing/kg

BW/d»y)

7.0
NA
0.8
2.8

0.09
0.2

0.3
4.0
0.9
65

0.09
5.2

0.100
NA
2.3
26

7.0
NA
0.8
2.8
0.09
0.2
0.3
4.0
0.9

65
0.09
5.2

0.100
NA
2.3

26

7.0
NA
0.8
2.8
0.09
0.2
0.3
4.0
0.9
65

0.09
5.2

0.100
NA
2.3

26

7.0

NA
0.8
2.8

0.09

0.2
0.3
4.0

0.9

65
0.09
5.2

0.100

NA
2.3

26

LOAEL
TRV(mg/kg

BW/day)

35
NA
7.1
5.6
2.4
1.0
0.5
6.0
1.8
195
0.18

15
0.20
NA
6.8

79

35
NA
7.1
5.6
2.4
1.0
0.5
6.0
1.8
195
0.18

15
0.20
NA
6.8

79

3j
NA
7.1
5.6
2.4
1.0
0.5
6.0
1.8
195
0.18

15
0.20
NA
6.8
79

35

NA
' 7.1

5.6
2.4
1.0
0.5
6.0
1.8
195

0.18
15

0.20
NA
6.8
79

Bentliic Ingestion HQ

NOAEL 1 LOAEL

9E+-01
NC

6E+01
NC

4E+03
4E+00

NC
6E+02
1E+03

NC
2E+00

NC
1E+01

NC
NC

SE+02
«E+03
7E-KI1

NC
1E+01

NC
1E+03
3E+00

NC
2E+02
3E4-02

NC
6E-01

NC
5E+00

NC
NC

1E-H12
2E+03
9E+01

NC
6E+00

NC
1E+03
2E4-00

NC
IE-mi
9E+01

NC
2E+00

NC
3E+00

NC
NC

1E+02
2E+03
2E+02

NC
1E+01

8E+00
2E+03
6E+00
2E+01
2E+OZ
2E+02
3E+01

lE+fll
2E-HX)
2E+01

NC
1 E+00

2E+02
3E+03

2E+01
NC

7E4-00

NC
1E+02
8E-01

NC
4E+OZ
6E+02

NC
lE+OO

NC
7E+00

NC
NC

2E+02

1E+03
1E+01

NC
1E+00

NC
4E+01

6E-01
NC

1E4-02
2E-H>Z

NC
3E-OI

NC
2E+00

NC
NC

5E+01
4E+02
2E+01

NC
7E-01

NC
5E+01
5E-01

NC
4E4-01
4E+01

NC
1E+00

NC
1E+00

NC
NC

SE-HW

2E+02
3E4-01

NC
1E+00
4E+00
7E4-01
1E+00
8E-KPO
1E+02
9E+01
9E+00
5E+00
6E-01
9E+00

NC
4E-01
SE+01
4E+02

NA = Not Available
NC = Not Calculated

Benthic [issue concentrations were estimated using the equation: (cone Ln benthics dw) = BSAF * (cone in soil dw)
Dry weight concentrations were converted to wet weight using a conversion factor (CF) of 0.15 [USFWS, 1998].
HQs greater than one are shown in boldface type.
Mercury TRV is based on organic mercury.

Wildlife Risk Beiitliic rev_\Js: HO Smmnarv Paee 1 of 1
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DRAFT

APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils aud Tailiiigs

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

Background Soils

Background Soils
Background Soils
Background Soils
Backgiound Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils
Background Soils

Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impouudment Soils
Off-Impoundment Soils

Parameter

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Station ID

RF-BG-BGI
RF-BG-BG1

RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG10
RF-BG-BG2
RF-BG-BG2
RF-BG-BG3
RF-BG-BG3
RF-BG-BG4
RF-BG-BG4
RF-BG-BG5
RF-BG-BG5
RF-BG-BG6
RF-BG-BG6
RF-BG-BG7
RF-BG-BG7
RF-BG-BG8
RF-BG-BG8
RF-BG-BG8
RF-BG-BG8
RP-BG-BG8
RF-BG-BG8
RF-BG-BG8
RF-BG-BG8
RF-BG-BG8
RF-BG-BG8
RF-BG-BG9
RF-BG-BG9
RF-OF-T1A
RF-OF-T1A
RF-OF-T1B
RF-OF-T1B
RF-OF-T1C
RF-OF-TIC
RF-OF-T1C

RF-OF-TIC
RF-OF-TIC
RF-OF-TIC
RF-OF-TIC
RF-OF-TIC
RF-OF-TIC
RF-OF-TIC
RF-OF-T1D
RF-OF-T1D
RF-OF-TIE
RF-OF-T1E
RF-OF-T1F
RF-OF-TIF
RF-OF-T1G
RF-OF-T1G
RF-OF-T1H
RF-OF-T1H
RF-OF-T2A
RF-OF-T2A
RF-OF-T2B
RF-OF-T2B

Couc
(ui^/kfti*

11.0
47.0
7.0

220.0
0.3

22.5
15.5
30.5
0.1
2.5
2.5

93.0
8.1

26.0
8.6

22.0
9.2
25.0
11.0

43.0
7.0

30.0
6.9

25.0
14.0

265.0
1.0

20.0
29.0
84.0
0.2
2.5
2.5

127.0
6.7

98.0
26.0

470.5
11.0

101.0
8.5

193.5

1.0
21.5
24.0
77.0
0.1
2.5
2.5

145.0
8.5
76.0

9.1
53.3
10.5
64.5
9.2
46.5
10.0
32.5
37.0

471.0
13.0

120.5

Plant Benchmark
(mg/kg dw)

Low

10
50
10

500
4
1

100
50
35

1
2

50
10
50
10
50
10
50

10
50
10
50
10
50
10

500
4
1

100
50
35
1

2
50
10
50
10
50
10
50
10

500
4
1

100
50
35

1
2

50
10
50
10
50
10
50
10
50
10
50
10
50
10
50

High

100
1000
100
NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100

1000
100

1000

100
1000
100

1000
100

1000
100
NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100

1000
100

1000
100

NA
100

NA
NA
1000

NA
NA
NA
500
100

1000
100

1000
100

1000
100
1000
100

1000
100

1000
100

1000

SoilHQ

Low

1E-KX)
9E-01
7E-01
4E-01
6E-02

2E+01
2E-01
6E-01
1E-03

3E+00
1E+00

2E+00
8E-01
5E-01
9E-01
4E-01
9E-01
5E-01
1E-H)0
9E-01
7E-01
6E-01
7E-01
5E-01
1E+00
5E-01
3E-OI

2E+01
3E-01
2E+00
4E-03

3E+00
1E+00
3E+00
7E-01

2E+00
3E+00
9E+00
IE-K10

2E+00
9E-01
4E-01
3E-01
2E+01
2E-01

2E+00
1E-03

3E+00
1E+00

3E+00
8E-01

2E+00
9E-01

1E+00
1E+00
1E+OU
9E-01
9E-01
1E+00
7E-01

4E+00
9E+00
1E+00

2E+00

High

1E-01
5E-02
7E-02
JVC

3E-03
NC
NC

3E-02
NC
NC
NC

2E-01
8E-02
3E-02
9E-02
2E-02
9E-02
3E-02
1E-OI
4E-02
7E-02
3E-02
7E-02
3E-02
1E-01

NC
1E-02
NC
NC

8E-02
NC
NC
NC

3E-01
7E-02
1E-OI
3E-01
5E-01
1E-01
1E-01
9E-02
yvc

1E-02
NC
NC

8E-02
NC
NC
NC

3E-01
8E-02
8E-02
9E-02
5E-02
1E-01
6E-02
9E-02
5E-02
1E-01
3E-02
4E-01
5E-01

1E-01

1E-01

Plant Risk Soil Distrib rev.xls: HQ Calcs



DRAFT

APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

'* Average concentration across all deptlis; duplicate/split samples averaged with field samples.

Reach

Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off- Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils

Parameter

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Barium

Cadmium
Cliromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

.Arsenic
Lead

Station ID

RF-OF-T2C
RF-OF-T2C
RF-OF-T2D
RF-OF-T2D
RF-OF-T2E
RF-OF-T2E
RF-OF-T2F
RF-OF-T2F
RF-OF-T2F
RF-OF-T2F
RP-OF-T2F
RF-OF-T2F
RF-OF-T2F
RF-OF-T2F
RF-OF-T2F
RF-OF-T2F
RF-OF-T2G
RF-OF-T2G
RF-OF-T2H
RF-OF-T2H
RF-OF-T2H
RJF-OF-T2H
RF-OF-T2H
RF-OF-T2H
RF-OF-T2H
RF-OF-T2H
RF-OF-T2H
RF-OF-T2H
RF-OF-T2I
RF-OF-T2I
RF-OF-T2J
RF-OF-T2J
RF-OF-T3A
RF-OF-T3A
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3B
RF-OF-T3C
RF-OF-T3C
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RP-OF-T3D
RF-OF-T3D
RF-OF-T3E
RF-OF-T3E
RF-OF-T3F
RF-OF-T3F
RF-OF-T3G
RF-OF-T3G
RF-OF-T3H
RF-OF-T3H

Cone
(mg/ks)*

129.0
3,308.0
279.5

6,070.0
245.5

5,179.5
11.3

233.8
0.9

21.5
30.3
112.5
0.1
2.5
2.5

178.3
7.6
19.5
8.0

303.0
0.6

30.5
24.0
48.0
0.1

2.5
2.5

93.0
7.4

46.5
8.5

39.5
9.3
55.0
37.0

225.5
29.5
20.5
89.5

812.5
3.1
2.5
2.5

1,366.5
8.6

53.5
7.5

403.0
1.0

21.3
JJ.>>

53.5
0.1
2.5
2.5

138.3
6.7
17.5
7.5
19.0
6.5
27.5
7.0

27.0

Plant Benchmark
(mg/kg dw)

Low

10
50
10
50
10
50
10

500
4
1

100
50
35
1
2

50
10

50
10

500
4
1

100
50
35
1

2
50
10
50
10

50
10
50
10

500
4

1
100
50
35
1

2
50
10
50
10

500
4
1

100
50
35
1

2
50
10
50

10
50
10
50
10
50

High

100
1000
100

1000
100

1000
100
NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100
NA
100

NA
NA
1000
NA
NA
NA
500
100

1000
100

1000
100

1000
100
NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100
NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100
1000
100

1000
100

1000

SoilHQ

Low

1E+01
7E+01
3E+01
1E+02
2E+01
1E+02
1E+00
5E-01
2E-01

2E+OJ

3E-01
2E+00
1E-03

1E+00

1E400
4E+00
8E-01
4E-01
SE-01
6E-01
2E-01

3E+01
2E-01
1E+00
1E-03

3JE+00

1E+00
2E+00
7E-01
9E-01
9E-01
8E-01
9E-01
1E+00

4E+00
5E-01
7E+00
2E+01
9E-01
2E+01
9E-02

3E+00
1E-KX)

3E+01
9E-01
1E+00
8E-01
8E-01
3E-01

2E+01
3E-01
1E+00
2E-03

3E+00
1E+00

3E+00
7E-01
4E-01
7E-01
4E-01
7E-01
6E-01
7E-01
5E-01

High

1E-HX)
3E+00
3E+00
6E+00
2E+00
5E+00
1E-01
JVC

9E-03
NC
NC

1E-01
NC
NC
NC

4E-01
8E-02
2E-02
8E-02
NC

6E-03
NC
NC

5E-02
NC
NC
NC

2E-01
7E-02
5E-02
9E-02
4E-02
9E-02
6E-02
4E-01
NC

3E-01
NC
NC

8E-01
NC
NC
NC

3E+PO

9E-02
5E-02
8E-02
NC

1E-02
NC
NC

5E-02
t\C
NC
NC

3E-01
7E-02
2E-02
7E-02
2E-02
7E-02
3E-02
7E-02
3E-02

Plant Risk Soil Distrib rev.xls: HO Calcs
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APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

" Average concentration across ail depths; duplicate'spiit samples averaged with field samples.

Reach

Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off- Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off- Impoundment Soils
Ou-Impoundment Soils
Ou-Impoundmeut Soils
On-Impoundmeut Soils
On-Irapoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Irnpoundment Soils
Ou-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-lmpouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundmeut Soils
On-Impouudment Soils
On-Impouudmeut Soils
On-Impoundment Soils
On- Impoundment Soils
On-Impouudmeut Soils
On-Impoundmeut Soils
On-Impoundmeut Soils
On-Impouudmeut Soils
On-Impouudment Soils

Parameter

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arseuic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Aisenic
Lead

Arsenic
Lead

Arseuic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arseuic
Lead

Arsenic
Lead

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Station ID

RF-OF-T3I
RF-OF-T3I
RF-OF-T3J
RF-OF-T3J

SAB-1
SAB-1
SAB-2
SAB-2
SAB-3
SAB-3
SAB-4
SAB-4
SAB-5
SAB-5
SAB-7
SAB-7
SAB-8
SAB-8

RF-ON-1A
RF-ON-1A
RF-ON-1B
RF-ON-1B
RF-ON-1C
RF-ON-1C
RF-ON-1D
RF-ON-1D
RF-ON-1E
RF-ON-1E
RF-ON-1G
RF-ON-1G
RF-ON-2A
RF-ON-2A
RF-ON-2B
RF-ON-2B
RF-ON-2C
RF-ON-2C
RF-ON-2D
RF-ON-2D
RF-ON-2E
RF-ON-2E
RF-ON-2F
RF-ON-2F
RF-ON-2G
RF-ON-2G
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A

Cone

(me/kg)*
9.2
25.0
9.2

47.0
12.0
98.0
14.0

135.0
11.0
75.0
12.0

144.0
12.0
53.0
30.0
165.0
23.0
63.0
15.0
37.0
9.1

44.0
12.0 -

163.0
10.0
96.0
20.0

336.0
121.0

3,239.0
13.0
49.0
78.0

1,155.0
7.8
19.0
6.8
19.5
44.0
904.5
82.0

2,646.0
12.0
59.0

22,600.0
2.5
3.7

206.0
0.5
22.3
15.0
25.3
0.1
2.5
2.5

91.3
49.0
210.0
60
24.0
99.0
875.0

0.7
2.5

Plant Benchmark
(nig/kg dw)

Low

10
50
10
50
10
50
10

50
10
50
10
50
10
50
10

50
10

50
10

50
10

50
10
50
10
50
10
50
10

50
10
50
10
50
10
50
10
50
10
50
10

50
10
50
50
5

10
500
4
1

100
50
35
1
2

50
10

500
4
1

100

50
35
1

High

100
1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100
1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100

1000
100
1000
100

1000
100

1000
NA
NA
100
NA
100
NA
NA
1000
NA
NA
NA
500
100
NA
100
NA
NA
1000
NA
NA

SouHQ

Low

9E-01
5E-01
9E-01
9E-01
1E+00
2E+00
1E+00

3E+00
1E+00
2E+00
1E+00

3E+00
1E+00
1E+00
3E+00
3E+00
2E+00
1E+00

2E+00
7E-01
9E-01
9E-01
1E+00

3E+00
1E+00

2E+00
2E+00
7E+00
1E+01
6E+OJ
1E+00
1E+00
8E+00
2E+01
8E-01
4E-01
7E-01
4E-01

4E+00
2E+01
SE+00
5E+01
1E+00
1E+00
SE+02
5E-01
4E-OI
4E-01
1E-01

2E+01
2E-01
5E-01
1E-03

3E+00
lE^OO

2E+00
5E+00
4E-01

2E+00
2E+0]
1E+00

2E+01
2E-02

3E+00

High

9E-02
3E-02
9E-02
5E-02
1E-01
1E-01
1E-01
1E-01
1E-01
8E-02
1E-01
1E-01
1E-01
5E-02
3E-01
2E-01
2E-01
6E-02
2E-01
4E-02
9E-02
4E-02
1E-01
2E-01
1E-01
1E-01
2E-01
3E-01
1E+00

3E+00
1E-01
5E-02
8E-01
1E+00
8E-02
2E-02
7E-02
2E-02
4E-01
9E-01
8E-01

3E+00
1E-01
6E-02
NC
NC

4E-02
iVC

5E-03
NC
NC

3E-02
NC
NC
NC

2E-01
5E-01
NC

6E-02
A'C
NC

9E-01
NC
NC

Plant Risk Soil Dislnb rev.xls: HO Calcs



DRAFT

APPENDIX F
Plant Huzui-d Quotients (HQs) for Direct Contact with Soils aud Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

: Average concentration across ail deptlis: duplicate/split samples averaged with field samples.

Reach

Ou- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
Oil-Impoundment Soils
Ou-Impouudmeut Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On- Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Iinpoundment Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
Do-Impoundment Soils
Ou-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
Ou-Impoundmeut Soils
Pn-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudmeut Soils
On-Impoundment Soils
On-Impouudmeut Soils
Ou-Impoundraent Soils
On-Impoundmeut Soils
On-Impouudment Soils
On-Impouudment Soils
Ou-Impoundment Soils
Ou-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impoundment Soils

Parameter

Silver
Zinc

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Aluminum
Antimony
Arsenic

Barium
Cadmium
Cliromium

Copper
Lead

Mercury
Selemum

Silver
Zinc

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Metcurv
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Aluminum
Antimony

Arsemc
Barium

Cadmium

Station ID

RF-ON-3A
RF-ON-3A
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3C
RF-ON-3C
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3F
RF-ON-3F
RF-ON-3G
RF-ON-3G
RF-ON-3H
RF-ON-3H
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-4A
RF-ON-4A
RF-ON-4B
RF-ON-4B
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C

Cone
(mg/kg)*

2.5
1,010.0

22.400.0
2.5

36.0

1.0
20.0
53.0
528.5
0.2
2.5
2.5

242.0
6.2
15.0

17,600.0
10.0
46.0
255.0
3.5

24.5
84.5

574.5
1.0
2.5
2.5

748.0
21,800.0

2.5
4.0

360.5
0.3
21.7

21.3
21.0
0.1
2.5
2.5

62.0
23.0

231.0
12.0
23.0
7.5

25.0
9.0

187.0
1.0

20.0
25.0
127.0
0.1
2.5

2.5
209.0
81.0

1.350.0
11.0
63.0

18.900.0
2.5
12.5

240.0
2.5

Plant Benchmark
(mg/kg dw)

Low

2
50
50
5
10
4
1

100
50
35
1

2
50
10
50
50
5
10

500
4
1

100
50
35
1

2
50
50
5
10

500
4
1

100
50
35
1
2

50
10
50
10
50
10
50
10

500
4
1

100
50
35
1
0

50
10
50
10
50
50
5
10

500
4

High

NA
500
NA
NA
100
100
NA
NA
1000
NA
NA
NA
500
100

1000
NA
NA
100
NA
100
NA
NA
1000
NA
NA
NA
500
NA
NA
100
NA
100

NA
NA
1000
NA
NA
NA
500
100
1000
100

1000
100

1000
100
NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100

1000
NA
NA
100
NA
100

Soil HQ

Low

1E+00
2E+01
4E+02
5E-01

4E+00
3E-01

2E+01
5E-01

1E+01
5E-03

3E+00
1E-HX)

5E+00
6E-01
3E-01

4E+02
2E+00
5E+00
5E-01
9E-01

2E+01
8E-01

1E+01
3E-02

3E+00
1E+00

1E+01
4E+02
5E-01
4E-01
7E-01
6E-02

2E+OJ
2E-01
4E-01

1E-03
3E+00
1E-KX)
1E+00

2E+00
5E+00
1E+00
5E-OI
8E-01
5E-01
9E-01
4E-01
3E-01

2E+01
3E-01

3E+00
1E-03

3E+00
1E+00

4E+00
SE+00
3E+01
1E+00
1E+00

4E+02
5E-01
lE^OO
5E-OI
6E-01

High

NC
2E+00

NC
NC

4E-01
1E-02
NC
NC

5E-01
NC
NC
NC

5E-01
6E-02
2E-02
NC
NC

5E-01
NC

4E-02
NC
NC

6E-01
NC
NC
NC

lE-tOO
NC
NC

4E-02
NC

3E-03
NC
NC

2E-02
;VC
NC
NC

1E-01
2E-01
2E-01
IE-01
2E-02
8E-02
3E-02
9E-02
NC

1E-02
NC
NC

IE-01
NC
NC
NC

4E-01
8E-01
1E+00
IE-01
6E-02
NC
NC

IE-01
NC

3E-02

Plant Risk Soil Dislnb rev.xls: HQ Calcs
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APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

On-Impoundmeut Soils
On-Impoundment Soils
On- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impouudmeut Soils
Ou-Impoundment Soils
On-Impouudment Soils
On-Impoundmeut Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
Ou-Impoundment Soils
On-Impouudmeut Soils
On-lmpouudmeut Soils
On-Impoundmeut Soils
On-lmpoundmeut Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
Ou-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
Ou-Impoundment Soils
On-Impouudment Soils
Ou-Impoundment Soils
Ou-Impoundment Soils
Ou-Impoundment Soils
Ou-Impoundment Soils
On-Iinpouudment Soils
Ou-Impouudment Soils
Ou-Impouudment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundraeut Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundmeut Soils
Oil-Impoundment Soils

Parameter

Chromium
Copper

Lead
Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Aluminum
Antimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Aluminum
Antimony
Arsenic
Barium

Cadmium

Station ID

RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4D
RF-ON-4D
RP-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RP-ON-4D
RF-ON-4D
RF-ON-4E
RF-ON-4E
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G
RP-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4H
RF-ON-4I
RF-ON-4I
RF-ON-5A
RF-ON-5A
RF-ON-5B
RF-ON-5B
RF-ON-5B
RF-ON-5B
RF-ON-5B

Cone
(nig/kg)*

22.5
32.5
111.5
0.5
2.5
2.5

222.5
21.600.0

2.5
6.5

327.0
0.3

22.5
2S.O
17.5
0.1
2.5
2.5

80.0
7.0

20.0
21,900.0

2.5
6.7

218.5
0.8
17.0
24.7
29.3
0.1
2.5
2.5

185.3
26,100.0

2.5
6.7
0.3

20.0
38.0
22.7
0.1
2.5
2.5

100.0

24,700.0
2.5
7.0
0.3

24.0
28.0
29.0
0.1
2.5
2.5

115.0
17.0

344.0
13.0
42.0

18.400.0
2.5
4.3

198.0
0.3

Plant Benchmark
(rug/kg dw)

Low

1
100
50
35
1
2
50
50
5
10

500
4
1

100
50
35
1
2

50
10
50
50
5
10

500
4
1

100
50
35
1

2
50
50
5
10
4
1

100
50
35
1
2

50
50
5
10
4
1

100
50
35
1
2

50
10
50
10
50
50
5
10

500
4

High

NA
NA
1000

NA
NA
NA
500
NA
NA
100

NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
NA
NA
100
NA
100
NA
NA
1000
NA
NA
NA
500
NA
NA
100
100
NA
NA
1000
NA
NA
NA

i 500

NA
NA
100
100
NA
NA
1000
NA
NA
NA
500
100

1000
100

1000
NA
NA
100
NA
100

SoilHQ

Low

2E+01
3E-01

2E+00
1E-02

3E+00
1E-KX)

4E+00
4E+02
5E-01
7E-01
7E-01
6E-02

2E+01
3E-01
4E-01
1E-03

3E+00
1E+00

2E+00
7E-01
4E-01

4E+02
5E-01
7E-01
4E-01
2E-01

2E+01
2E-01
6E-01
3E-03

3E+00
1E+00

4E+00
5E+02
5E-01
7E-01
6E-02

2E+01
4E-01
5E-01
1E-03

3E+00
1E+00

2E+00
5E+02
5E-01
7E-01
6E-02
2E+01
3E-01
6E-01
1E-03

3E+00
1E+00

2E+00
2E+00
7E+00
1E-H)0
8E-01

4E+02
5E-01
4E-01
4E-01
6E-02

High

NC
NC

1E-01
NC
NC
NC

4E-01
NC
NC

7E-02
NC

3E-03
JVC
JVC

2E-02
JVC
JVC
JVC

2E-01
7E-02
2E-02
JVC
JVC

7E-02
JVC

8E-03
JVC
JVC

3E-02
JVC
JVC
JVC

4E-01
JVC
NC

7E-02
3E-03
JVC
NC

2E-02
NC
NC
NC

2E-01
JVC
JVC

7E-02
3E-03
jVC
JVC

3E-02
jVC
,vc
jVC

2E-01
2E-01
3E-01

1E-01
4E-02
jVC
jVC

4E-02
jVC

3E-03

Plain Risk Soil Distrib rev.xls: HO Calcs
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APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

On-Impouudmeut Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundraent Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impouudment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Iinpoundment Soils
Ou-Impoundment Soils
On-Impoiindment Soils

Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailiugs
Site Tailings
Site Tailiugs
Site Tailiugs
Site Tailings
Site Tailiugs
Site Tailings
Site Tailings
Site Tailiugs
Site Tailings
Site Tailiugs
Site Tailings
Site Tailings
Site Tailings
Site Tailiugs
Site Tailiugs
Site Tailings
Site Tailings

Parameter

Chromium
Copper

Lead
Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Aluminum
Autimony
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arseiuc
Lead

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum

Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Station ID

RF-ON-5B
RF-ON-5B
RF-ON-5B
RF-ON-5B
RF-ON-5B
RF-ON-5B
RJF-ON-5B
RF-ON-5C
RF-ON-5C
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5D
RF-ON-5E
RF-ON-5E
RF-ON-5F
RF-ON-5F
RF-ON-5G
RF-ON-5G
RF-ON-5H
RF-ON-5H
RF-ON-6D
RF-ON-6D
RF-TA-TP1
RF-TA-TP1
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TPI
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP2
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3
RF-TA-TP3

Couc
(rng/kg)*

20.5
23.0
21.5
0.1
2.5
2.5

66.0
15.0

159.0
26.100.0

2.5
5.0

175.0
0.3

36.0
26.0
23.0
0.1
2.5
2.5

87.5
2.5
15.0
12.0
25.0
20.0

333.0
9.2
52.0
17.0

135.0
2,260.0

50.7
219.0
27.3
8.6

522.2
4,328.3

0.5
4.7
18.5

5,136.7
3,986.7

174.9
308.9
42.6
30.3

475.1
5,508.3

4.0
10.7

40.8
7.190.8
1.987.2
107.7
224.3

' 33.8
18.2

253.5
3,796.7

16.0
11.3

23.8
5,865.0

Plant Benchmark
(mg/kg dw)

Low

1

100
50
35
1

2
50
10
50
50
5
10

500
4
1

100
50

35
1
2
50
10
50
10
50
10
50
10
50
10
50
50
5
10
4
1

100
50
35
1
2

50
50
5
10
4
1

100
50
35
1
2

50
50
5
10
4
1

100
50
35
1
2

50

High

NA
NA
1000
NA
NA
NA
500

100
1000
NA
NA
100

NA
100
NA
NA
1000
NA
NA
NA
500
100

1000
100

1000
100

1000
100

1000
100

1000
NA
NA
100
100

NA
NA
1000
NA
NA
NA
500

NA
NA
100
100
NA
NA
1000
NA
NA

NA
500

NA
NA
100
100
NA
NA
1000
NA
NA
NA
500

SoilHQ

Low

2E+OJ
2E-01
4E-0 1
1E-03

3E+00
1E+00
1E+00
2E+00
3E+00
5E+02
5E-01
5E-01
4E-01
6E-02

4E+01
3E-01
5E-01
1E-03

3E+00
1E+00
2E+00
3E-01
3E-01
1E+00
5E-01

2E+00
7E+00
9E-01
1E+00

2E+00
3E+00
5E+01
1E+01
2E+01
7E+00
9E+00
5E+00
9E+01
1E-02

5E+00
9E+00
1E+02
8E+01
3E+01
3E+01
1E+01
3E+01
5E+00
1E+02
1E-01

1E+01
2E+01
1E+02
4E+01
2E+01
2E+01
SE+00
2E+01
3E+00
SE+01
5E-01

1E+01
1E+01
1E+02

High

NC
NC

2E-02
NC
NC
NC

1E-01
2E-01
2E-01
NC
NC

5E-02
NC

3E-03
NC
NC

2E-02
NC
NC
NC

2E-01
3E-02
2E-02
1E-01
3E-02
2E-01

3E-01
9E-02
5E-02
2E-01
1E-01

JVC
NC

2E+00
3E-01
NC
NC

4E+00
NC
NC
NC

1E+01
NC
NC

3E+00
4E-01
NC
NC

6E+00
NC
NC
NC

1E+01
NC
NC

2E+00
3E-01
NC
NC

-tE+00
NC
NC
NC

1E+01

Plant Risk Soil Distnb rev.xls: HO Ca



DRAFT

APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across ail depths: duplicate/split samples averaged with field samples.

Reach

Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings

Parameter

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

AJuminum
.Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

.Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Station ID

RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL50
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL52
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RP-TSDD-GL53
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59

Cone
(mg/kg)*

13,377.8
125.5
197.4
28.8
22.5

311.3
4,059.8

2.8
4.1
26.0

5,728.8
14,027.0

253.8
32 1.8
51.1
27.5

620.0
10,699.5

5.5
11.3
39.8

7,818.5
16,151.5

212.8
319.7
56.9
29.5

678.5
10,533.5

10.6
13.3
61.3

9,420.0
11,442.5

89.2
136.3
23.3
21.5

247.5
2.897.5

1.8
2.5

20.3
4.518.5
14.787.5

58.3
144.0
22.7

21.0
168.5

2,622.0
2.6
11.3
15.3

3,378.0
13.622.0

168.3
219.0
24.0
24.0

418.5
3.834.5

13.6
6.1

Plant Benchmark
(mg/kg dw)

Low

50
5
10
4
1

100
50
35
1
2

50
50
5
10
4
1

100

50
35
1
2

50
50
5
10
4
1

100
50
35
1

2
50
50
5
10
4
1

100
50
35
1
2

50
50

5
10
4
1

100
50
35
1

2
50
50
5
10
4
1

100
50
35
1

High

NA
NA
100
100

NA
NA
1000
NA
NA
NA
500
NA
NA
100
100
NA
NA
1000
NA
NA
NA
500
NA
NA
100
100
NA
NA
1000
NA
NA
NA
500

NA
NA
100
100
NA
NA
1000
NA
NA
NA
500

NA
NA
100
100

NA
NA
1000
NA
NA
NA
500
NA
NA
100
100
NA
NA
1000
NA
NA

SoilHQ

Low

3E+02
3E+01
2E+01
7E+00
2E+01
3E+00
SE+01
8E-02

4E+00
1E+01
1E+02
3E+02
SE+01
3E+01
1E+01
3E+01
6E+00
2E+02
2E-01

JE+01
2E+01
2E+02
3E+02
4E+01
3E+01
1E+01
3E+01
7E+00
2E+02
3E-01

1E+01
3E+01
2E+02
2E+02
2E+01
1E+01
6E+00
2E+01
2E+00
6E+01
5E-02

3E+00
1E+01
9E+01
3E+02
1E+01
1E+01
6E+00
2E+01
2E+00
5E+01
7E-02

1E+01
SE+00
7E+01
3E+02
3E+01
2E+01
6E+00
2E+01
4E+00
SE+01
4E-01
6E+00

High

NC
NC

2E+00
3E-01
NC
NC

4E+00
NC
NC
NC

1E+01
NC
NC

3E+00
5E-01
NC
NC

JE+OJ
NC
NC
NC

2E+01
NC
NC

3E+00
6E-01

NC
NC

1E+01
NC
NC
NC

2E+01
NC
i\C

1E+00
2E-01
NC
NC

3E+00
NC
NC
NC

9E+00
NC
NC

1E+00
2E-01
NC
NC

3E+00
NC
NC
NC

7E+00
NC
NC

2E+00
2E-01
NC
NC

4E+00
NC
NC

Plant Risk_Soil Distnb rev.xls: HO Calcs
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APPENDIX F
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site

Screening Ecological Risk Assessment
* Average concentration across all deptlis; duplicate.'spiit samples averaged with fieid samples.

Reach

Site Tailings
Sile Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tai ings
Site Tai ings
Site Tai ings
Site Tai ings
Site Tai ings
Site Tai ings
Site Tailings

Parameter

Silver
Zinc

Aluminum
Antimony .
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Station ID

RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RP-TSDD-GL62
RF-TSDD-GL62
RP-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62

Cone
(ma/kg)*

22.8
5,462.0

17,379.5
45.3
99.6
20.1
22.5
126.5

1,572.0
0.7

5.9
11.3

2,981.0

Plant Benchmark
(nig/kg dw)

Low

2
50
50
5
10
4
1

100
50
35
1
2

50

High

NA
500
NA
NA
100
100
NA
NA
1000
NA
NA
NA
500

Soil HQ

Low

1E+01
1E+02
3E+02
9E+00
1E+01
5E+00
2E+01
1E+00

3E+01
2E-02

6E+00
6E+00
6E+01

High

NC
1E+01

NC
NC

1E+00
2E-01
NC
NC

2E+00
NC
NC
NC

6E+00

Plant Risk Soil Distnb rev.xls: HO Calcs
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DRAFT

APPENDIX G
Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Background Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off- Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Station ID

RF-BG-BG1

RF-BG-BG 1

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG 10

RF-BG-BG2

RF-BG-BG2

RF-BG-BG3

RF-BG-BG3

RF-BG-BG4

RF-BG-BG4

RF-BG-BG5

RF-BG-BG 5

RF-BG-BG6

RF-BG-BG6

RF-BG-BG7

RF-BG-BG7

RF-BG-BG8

RF-BG-BG8

RF-BG-BG8

RF-BG-BG8

RF-BG-BG8

RF-BG-BG8

RF-BG-BG8

RF-BG-BG8

RF-BG-BGS

RF-BG-BG8

RF-BG-BG9

RF-BG-BG9

RF-OF-TIA

RF-OF-T1A

RF-OF-T1B

RF-OF-T1B

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-T1C

RF-OF-TIC

RF-OF-T1D

RF-OF-T1D

RF-OF-T1E

RF-OF-T1E

RF-OF-T1F

RF-OF-T1F

RF-OF-T1G

RF-OF-T1G

Parameter

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Cone* (mg/kg)

11.0
47.0
7.0

220.0

0.3
22.5
15.5
30.5
0.1
2.5
2.5

93.0

8.1
26.0
8.6

22.0
9.2
25.0
11.0
43.0
7.0
30.0
6.9
25.0
14.0

265.0

1.0
20.0
29.0
84.0
0.2
2.5
2.5

127.0
6.7
98.0
26.0

470.5

11.0
101.0
8.5

193.5

1.0
21.5

24.0
77.0
0.1
2.5
2.5

145.0
8.5

76.0
9.1
53.3
10.5
64.5
9.2

46.5

Soil Invertebrate
Benchmark (rag/kg dw)

Low
20
140
20

3000

1.6
0.4
40
140
0.1
2
50
100
20
140
20
140
20
140
20
140
20
140
20
140
20

3000

1.6
0.4
40
140
0.1
2
50
100
20
140
20
140
20
140
20

3000

1.6
0.4
40
140
0.1

2

50
100
20
140
20
140
20
140
20
140

High

100
900
100
NA
20
100
150
900
30
100
NA
600
100
900
100
900
100
900
100
900
100
900
100
900
100
NA
20
100
150
900
30
100
NA
600
100
900
100
900
100
900
100
NA
20
100
150
900
30
100
NA
600
100
900
100
900
100
900
100
900

SoilHQ

Low
6E-01
3E-01
4E-01
7E-02

2E-01
6E+01

4E-01
2E-01
5E-01
1E+00

5E-02

9E-01
4E-01
2E-01
4E-01
2E-01
5E-01
2E-01
6E-01
3E-01
4E-01
2E-01
3E-01
2E-01
7E-01
9E-02

6E-01
5E+01

7E-01

6E-01
2E+00

1E+00

5E-02

1E+00

3E-01
7E-01
1E+00

3E+00

6E-01
7E-011

4E-01
6E-02

6E-01
5E+01

6E-01
6E-01
5E-0 1
1E+00

5E-02

1E+00

4E-01
5E-01
5E-01
4E-01
5E-01
5E-01
5E-01
3E-01

High

1E-01
5E-02

7E-02

NC
1E-02
2E-01

1E-01
3E-02

2E-03

3E-02

NC
2E-01
8E-02

3E-02

9E-02

2E-02

9E-02

3E-02

1E-01
5E-02

7E-02

3E-02

7E-02

3E-02

1E-01
NC

5E-02

2E-01
2E-01
9E-02

5E-03

3E-02

NC
2E-01
7E-02

1E-01
3E-01
5E-01
1E-01

1E-01
9E-02

NC
5E-02

2E-01
2E-01
9E-02

2E-03

3E-02

NC
2E-01
8E-02

8E-02

9E-02

6E-02

1E-01
7E-02

9E-02

5E-02

Soil Liven Risk Soil Distrib.xls: HQ Calcs Page I
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Soil luvertebrate Hazard Quotieuts (HQs) for Direct Contact with Soils aud Tailiugs

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Off-Impoundment Soils

Station ID

RF-OF-T1H

RF-OF-T1H

RF-OF-T2A

RF-OF-T2A

RF-OF-T2B

RF-OF-T2B

RJ-OF-T2C

RF-OF-T2C

RF-OF-T2D

RF-OF-T2D

RF-OF-T2E

RF-OF-T2E

RF-OF-T2F

RF-OF-T2F

RF-OF-T2F

RF-OF-T2F

RF-OF-T2F

RF-OF-T2F

RJF-OF-T2F

RF-OF-T2F

RF-OF-T2F

RF-OF-T2F

RF-OF-T2G

RF-OF-T2G

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2H

RF-OF-T2I

RF-OF-T2I

RF-OF-T2J

RF-OF-T2J

RF-OF-T3A

RF-OF-T3A

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3B

RF-OF-T3C

RF-OF-T3C

RF-OF-T3D

RF-OF-T3D

RF-OF-T3D

RF-OF-T3D

RF-OF-T3D

RF-OF-T3D

RF-OF-T3D

Parameter

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Cone* (ing/kg)

10.0
32.5
37.0

471.0
13.0

120.5
129.0

3,308.0
279.5

6,070.0

245.5

5,179.5

11.3
233.S

0.9

21.5
30.3
112.5
0.1
2.5
2.5

178.3
7.6
19.5
8.0

303.0

0.6
30.5
24.0
48.0
0.1
2.5
2.5

93.0
7.4
46.5
8.5

39.5
9.3
55.0
37.0

225.5

29.5
20.5
89.5

812.5
3.1
2.5
2.5

1.366.5

8.6
53.5
7.5

403.0

1.0
21.3
33.3
53.5
0.1

Soil Invertebrate
Benchmark (rag/kg d\v)

Low High

20
140
20
140
20
140
20
140
20
140
20
140
20

3000

1.6
0.4
40
140
0.1

2
50
100
20
140
20

3000

1.6
0.4
40
140
0.1
2

50
100
20
140

20
140
20
140
20

3000

1.6
0.4
40
140
0.1

2

50
100
20
140
20

3000

1.6
0.4
40
140

0.1

100
900
100
900
100
900
100
900
100
900
100
900

100
NA
20
100
150
900
30
100
NA
600
100
900
100
NA
20
100
150
900
30
100
NA
600
100
900
100
900
100
900
100
NA
20

100
150
900
30
100
NA
600
100
900
100
NA
20
100
150
900
30

SoilHQ

Low

5E-01
2E-01
2E+00

3E+00

7E-01
9E-01
6E+00

2E+01

1E+01
4E+01

1E+01
4E+01

6E-01
8E-02

5E-01

5E+01

8E-01
8E-01
5E-01

1E+00

5E-02

2E+00

4E-01
1E-01
4E-01
1E-01
4E-01
8E+01

6E-01
3E-01
5E-01
1E+00

5E-02

9E-01
4E-01
3E-01
4E-01
3E-01
5E-01

4E-01
2E+00

8E-02

2E+01

5E-HM
2E+00

6E+00

3E+01

1E+00

5E-02

1E+01
4E-01
4E-01
4E-01
1E-01
6E-01
5E+01

8E-01
4E-01
8E-01

High

1E-01
4E-02

4E-01
5E-01

1E-01
1E-01
1E+00

4E+00

3E+00

7E+00

2E+00

6E+00

1E-01
NC

4E-02

2E-01
2E-01
1E-01
2E-03

3E-02

NC
3E-01
8E-02

2E-02

8E-02

NC
3E-02

3E-01
2E-01
5E-02

2E-03

3E-02

NC
2E-01
7E-02

5E-02

9E-02

4E-02

9E-02

6E-02

4E-01
NC

1E+00

2E-01
6E-01
9E-01

1E-01
3E-02

NC
2E+00

9E-02

6E-02

8E-02

NC
5E-02

2E-01
2E-01
6E-02

3E-03
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DRAFT

Soil Invertebrate Hazard Quotients (HQs) for Direct Coutaet with Soils aud Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
Off-Impoundment Soils
On- Impoundment Soils
On- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils

Station ID
RF-OF-T3D
RF-OF-T3D
RF-OF-T3D
RF-OF-T3E
RF-OF-T3E
RF-OF-T3F
RF-OF-T3F
RF-OF-T3G
RF-OF-T3G
RF-OF-T3H
RF-OF-T3H
RF-OF-T3I
RF-OF-T3I
RF-OF-T3J
RF-OF-T3J

SAB-1
SAB-1
SAB-2
SAB-2
SAB-3
SAB-3
SAB-4
SAB-4
SAB-5
SAB-5
SAB-7
SAB-7
SAB-S
SAB-8

RF-ON-1A
RF-ON-1A
RF-ON-1B
RP-ON-1B
RP-ON-1C
RF-ON-1C
RF-ON-1D
RF-ON-1D
RF-ON-1E
RF-ON-1E
RF-ON-1G
RF-ON-1G
RF-ON-2A
RF-ON-2A
RF-ON-2B
RF-ON-2B
RF-ON-2C
RF-ON-2C
RF-ON-2D
RF-ON-2D
RF-ON-2E
RF-ON-2E
RF-ON-2F
RF-ON-2F
RP-ON-2G
RF-ON-2G
RP-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H

Parameter
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Arsenic
Lead

Aluminum
Antimony

Arsenic
Barium

Cone* (rag/kg)
2.5
2.5

138.3
6.7
17.5
7.5
19.0
6.5
27.5
7.0
27.0
9.2

25.0
9.2
47.0
12.0
98.0
14.0
135.0
11.0
75.0
12.0

144.0
12.0
53.0
30.0
165.0
23.0
63.0
15.0
37.0
9.1

44.0
12.0

163.0
10.0
96.0
20.0

336.0
121.0

3.239.0
13.0
49.0
78.0

1.155.0
7.8
19.0
6.8
19.5
44.0

904.5
82.0

2,646.0
12.0
59.0

22.600.0
2.5
3.7

206.0

Soil Invertebrate
Benchmark (mg/kg thv)

Low High
2

50
100
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
20

140
20
140
20
140
20
140
20
140
20
140
20
140
20
140
600
NA
20

3000

100
NA
600
100
900
100
900
100
900
100
900
100

900
100
900
100
900
100
900
100
900
100
900

100
900
100
900
100
900
100
900
100
900
100
900
100
900
100
900
100
900

100
900
100
900
100
900
100
900
100
900
100
900
100
900
NA
NA
100
NA

SoilHQ

Low High
1E+00
5E-02
1E+00
3E-01
1E-01
4E-01
1E-01
3E-01
2E-01
3E-01
2E-01
5E-0 1
2E-01
5E-01
3E-01
6E-01
7E-01
7E-01
1E+00
6E-01
5E-01
6E-01
1E+00
6E-01
4E-01
2E+00
1E+00
1E+00
5E-01
8E-01
3E-01
5E-01
3E-01
6E-01
1E+00
5E-01
7E-01
1E+00
2E+00
6E+00
2E+01
7E-01
4E-01
4E+00
8E+00
4E-01
1E-01
3E-01
1E-01

2E+00
6E+00
4E+00
2E+01
6E-01
4E-01
4E+01

NC
2E-01
7E-02

3E-02
NC

2E-01
7E-02
2E-02
7E-02
2E-02
7E-02
3E-02
7E-02
3E-02
9E-02
3E-02
9E-02
5E-02
1E-01
1E-01
1E-01
2E-01
1E-01
8E-02
1E-01
2E-01
1E-01
6E-02
3E-01
2E-01
2E-01
7E-02
2E-01
4E-02
9E-02
5E-02
1E-01
2E-01
1E-01
1E-01
2E-01
4E-01
I £+00
4E+00
1E-01
5E-02
SE-01
1E+00
8E-02
2E-02
7E-02
2E-02
4E-01
1E+00
8E-01
3E+00
1E-01
7E-02

NC
NC

4E-02
NC
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DRAFT

Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils aud Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

: Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On- Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils

Station ID

RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-2H
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3A
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3B
RF-ON-3C
RF-ON-3C
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3D
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3E
RF-ON-3F
RF-ON-3F
RF-ON-3G
RF-ON-3G

Parameter

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Cone* (ing/kg)
0.5
22.3
15.0
25.3
0.1
2.5
2.5

91.3
49.0

210.0
6.0
24.0
99.0

875.0
0.7
2.5
2.5

1.010.0
22,400.0

2.5
36.0
1.0

20.0
53.0

528.5
0.2
2.5
2.5

242.0
6.2
15.0

17,600.0
10.0
46.0
255.0
3.5

24.5
84.5

574.5
1.0
2.5
2.5

748.0
21,300.0

2.5
4.0

360.5
0.3
21.7
21.3
21.0
0.1
2.5
2.5

62.0
23.0

231.0
12.0
23.0

Soil Invertebrate
Benchmark (mg/kg dw)

Low High
1.6
0.4
40
140
0.1
2

50
100
20

3000
1.6
0.4
40
140
0.1

2
50
100
600
NA
20
1.6
0.4
40
140
0.1

2

50
100
20
140
600
NA
20

3000
1.6
0.4
40
140
0.1

2 I
50
100
600
NA
20

3000
1.6
0.4
40
140
0.1

2

50
100
20
140
20
140

20
100
150
900
30
100
NA
600
100
NA
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600
100
900
NA
NA
100
NA
20
100
150
900
30
100
NA
600
NA
NA
100
NA
20
100
150
900
30
100
NA
600
100
900
100
900

SoilHQ

Low High
3E-01
6E+01
4E-01
2E-01
5E-01
1E+00
5E-02
9E-01
2E+00
7E-02
4E+00
6E+01
2E+00
6E+00
7E+00
1E+00
5E-02
1E+01
4E+01

NC
2E+00
6E-01
5E+01
1E+00
4E+00
2E+00
1E+00
5E-02
2E+00
3E-01
1E-01

3E+01
NC

2E+00
9E-02
2E+00
6E+01
2E+00
4E+00
1E+01
1E+00
5E-02
7E+00
4E+01

NC
2E-01
1E-01
2E-01
5E-HM
5E-01
2E-01
5E-01
1E+00
5E-02
6E-01
1E+00
2E+00
6E-01
2E-01

3E-02
2E-01
1E-01
3E-02
2E-03
3E-02

NC
2E-01
5E-01

NC
3E-01
2E-01
7E-01
1E+00
2E-02
3E-02

NC
2E+00

NC
NC

4E-01
5E-02
2E-01
4E-01
6E-01
5E-03
3E-02

NC
4E-01
6E-02
2E-02

NC
NC

5E-01
NC

2E-01
2E-01
6E-01
6E-01
3E-02
3E-02

NC
1E+00

NC
NC

4E-02
NC

1E-02
2E-01
1E-01
2E-02
2E-03
3E-02

NC
1E-01
2E-01
3E-01
1E-01
3E-02
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DRAFT

Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils aiid Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-lmpoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundmeut Soils
On-Impoundment Soils
On-Impoundment Soils
On-Impoundment Soils

Station ID
RF-ON-3H
RF-ON-3H
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RF-ON-3I
RP-ON-3I
RF-ON-3I
RF-ON-4A
RF-ON-4A
RF-ON-4B
RF-ON-4B
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4C
RP-ON-4C
RP-ON-4C
RF-ON-4C
RF-ON-4C
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4D
RF-ON-4E
RF-ON-4E
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4F
RP-ON-4F
RF-ON-4F
KF-ON-4F
RF-ON-4F
RF-ON-4F
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G
RF-ON-4G

Parameter
Arsenic

Lead
Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Arsenic
Lead

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Barium

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Arsenic
Lead

Aluminum
Antimony
Arsenic
Barium

Cadmium
Cliromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
.Antimony
Arsenic

Cadmium
Cliromium

Cone* (mg/kg)
7.5

25.0
9.0

187.0
1.0

20.0
25.0
127.0
0.1
2.5
2.5

209.0
81.0

1,350.0
11.0
63.0

18,900.0
2.5
12.5

240.0
2.5

22.5
32.5
111.5
0.5
2.5
2.5

222.5
21,600.0

2.5
6.5

327.0
0.3

22.5
28.0
17.5
O.I
2.5
2.5

80.0
7.0
20.0

21.900.0
2.5
6.7

218.5
O.S
17.0
24.7
29.3
0.1
2.5
2.5

185.3
26,100.0

2.5
6.7
0.3
20.0

Soil Invertebrate
Benchmark (mg/kg dw)

Low

20
140
20

3000
1.6
0.4
40
140
0.1

2
50
100
20
140
20
140
600
NA
20

3000
1.6
0.4
40
140
0.1
2

50
100
600
NA
20

3000
1.6
0.4
40
140
0.1
2

50
100
20
140
600
NA
20

3000
1.6
0.4
40
140
0.1
9

50
100
600
NA
20
1.6
0.4

High
100
900
100
NA
20
100
150
900
30
100
NA
600
100
900
100
900
NA
NA
100
NA
20
100
150
900
30
100
NA
600
NA
NA
100
NA
20
100
150
900
30
100
NA
600
100
900
NA
NA
100
NA
20
100
150
900
30
100
NA
600
NA
NA
100
20
100

SoilHQ

Low | High
4E-01
2E-01
5E-01
6E-02
6E-01
5E+01
6E-01
9E-01
5E-01
1E+00
5E-02
2E+00
4E+00
1E+01
6E-01
5E-01
3E+01

NC
6E-01
8E-02
2E+00
6E+01
8E-01
SE-01
5E+00
1E+00
5E-02
2E+00
4E+01

NC
3E-OI
1E-01
2E-01
6E+01
7E-01
1E-01
5E-01
1E+00
5E-02
8E-01
4E-01
1E-01

4E+01
NC

3E-01
7E-02
5E-01
4E+01
6E-0 1
2E-01
1E+00
lE+00
5E-02
2E+00
4E+01

NC
3E-01
2E-01
5E+01

8E-02
3E-02
9E-02

NC
5E-02
2E-01
2E-01
1E-01
2E-03
3E-02

NC
3E-01
8E-01
2E+00
1E-01
7E-02

NC
NC

1E-01
NC

1E-01
2E-01
2E-01
1E-01
2E-02
3E-02

NC
4E-OI

NC
NC

7E-02
NC

1E-02
2E-01
2E-01
2E-02
2E-03
3E-02

NC
1E-01
7E-02
2E-02

NC
NC

7E-02
NC

4E-02
2E-01
2E-01
3E-02
4E-03
3E-02

NC
3E-01

NC
NC

7E-02
1E-02
2E-01

Soil Invert Risk_Soil Distnb.xls: HQ Calcs Page 5 of 8



DRAFT

Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils aiid Tailiugs

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

* Average concentration across all depths; duplicate/split samples averaged with field samples.

Reach

On-Impoundment Soils

On- Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

On-Impoundment Soils

Site Tailings

Site Tailings

Station ID

RP-ON-4G

RF-ON-4G

RF-ON-4G

RF-ON-4G

RF-ON-4G

RF-ON-4G

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4H

RF-ON-4I

RF-ON-4I

RF-ON-5A

RF-ON-5A

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5B

RF-ON-5C

RF-ON-5C

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5D

RF-ON-5E

RF-ON-5E

RF-ON-5F

RF-ON-5F

RF-ON-5G

RF-ON-5G

RF-ON-5H
RF-ON-5H

RP-ON-6D

RF-ON-6D

Rf-TA-TPl

RF-TA-TP1

Parameter

Copper

Lead

Mercury

Selenium

Silver

Zinc

Aluminum

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver
Zinc

Arsenic

Lead

Arsenic

Lead

Aluminum

Antimony

Arsenic

Barium

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Aluminum

Antimony
Arsenic

Barium

Cadmium

Cliromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Arsenic

Lead

Aluminum

Antimony

Cone* (rag/kg)

38.0
22.7
0.1
2.5
2.5

100.0

24,700.0

2.5
7.0
0.3
24.0
28.0
29.0

0.1
2.5
2.5

115.0
17.0

344.0

13.0
42.0

18,400.0

2.5

4.3
198.0

0.3
20.5
23.0
21.5
0.1
2.5
2.5

66.0
15.0
159.0

26.100.0

2.5
5.0

175.0
0.3
36.0
26.0
23.0
0.1
2.5
2.5

S7.5
2.5
15.0
12.0
25.0
20.0

333.0

9.2
52.0
17.0

135.0

2.260.0
50.7

Soil Invertebrate
Benchmark (ing/kg dw)

Low _[ High

40
140
0.1
2

50
100

600
NA
20
1.6
0.4
40
140
0.1
2
50
100
20
140
20
140
600
NA
20

3000

1.6
0.4

40
140
0.1
2

50
100
20
140
600
NA
20

3000

1.6
0.4
40
140

0.1
2

50
100
20
140
20
140
20
140
20
140
20
140
600
NA

150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600
100
900
100
900
NA
NA
100
NA
20
100
150
900
30
100

NA
600
100
900
NA
NA
100
NA
20
100
150
900
30
100
NA
600

100
900
100
900
100
900
100
900
100
900
NA
NA

SoilHQ

Low

1E+00

2E-01
5E-01
1E+00

5E-02

1E+00

4E+01

NC
4E-01
2E-01
6E+01

7E-01
2E-01
5E-01
1E+00

5E-02

1E+00

9E-01
2E+00

7E-01
3E-01
3E+01

NC
2E-01
7E-02

2E-01
5E+01

6E-01
2E-01
5E-01
1E+00

5E-02

7E-01
8E-01

1E+00

4E+01

NC
3E-01
6E-02

2E-01
9E+01

7E-01

2E-01
5E-01
1E+00

5E-02

9E-01

1E-01

1E-01
6E-01
2E-01
1E+00

2E+00

5E-01
4E-0 1
9E-0 1
1E+00

4E+00

NC

High

3E-01
3E-02

2E-03

3E-02

MC
2E-01

NC
NC

7E-02

1E-02
2E-01
2E-01
3E-02

2E-03

3E-02

NC
2E-01
2E-01
4E-01
1E-01
5E-02

NC
NC

4E-02

NC
1E-02
2E-01
2E-01
2E-02

2E-03

3E-02

NC
IE-OI

2E-01
2E-01

NC
NC

5E-02

NC
1E-02
4E-OI

2E-01
3E-02

2E-03

3E-02

NC
1E-01
3E-02

2E-02

1E-01
3E-02

2E-01
4E-01
9E-02

6E-02

2E-01
2E-01

NC
NC
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DRAFT

Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

Average concentration across ail depths; duplicate/split samples averaged with field samples.

Reach

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Sile Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Site Tailings

Station ID

Rf-TA-TPl

RF-TA-TP1
RF-TA-TP1

RF-TA-TP1

RF-TA-TP1

RF-TA-TP1

RF-TA-TP1

RF-TA-TP1

RF-TA-TP1

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP2

RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

- RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

RF-TA-TP3

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RP-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL50

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL52

RF-TSDD-GL53

RF-TSDD-GL53

RF-TSDD-GL53

RF-TSDD-GL53

RF-TSDD-GL53

RF-TSDD-GL53

Parameter

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Aluminum

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Aluminum

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead

Mercuiy

Selenium

Silver

Zinc

Aluminum

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

Aluminum

Antimony

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Selenium

Silver

Zinc

.Aluminum

Antimony

Arsenic

Cadmium

Chromium

Copper

Cone* (mg/kg)

219.0
27.3
8.6

522.2

4,328.3

0.5
4.7
18.5

5,136.7

3,986.7

174.9
308.9

42.6
30.3

475.1
5.508.3

4.0
10.7

40.8
7,190.8

1,987.2

107.7
224.3

33.8
18.2

253.5

3.796.7

16.0
11.3
23.8

5,865.0

13,377.8

125.5
197.4
28.8
22.5

311.3
4.059.8

2.8
4.1

1 26.0

5.728.8

14,027.0

253.8

321.8
51.1
27.5

620.0

10,699.5

5.5
11.3
39.8

7.818.5

16.151.5

212.8
319.7
56.9
29.5

678.5

Soil Invertebrate
Benchmark (mg/kg dw)

Low
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20
1.6
0.4
40
140
0.1
2
50
100
600
NA
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20
1.6
0.4
40

High

100
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150

Soil HQ

Low High

1E+01

2E-HM

2E+01

1E+01
3E+01

5E+00

2E+00

4E-01
5E+01

7E+00

NC
2E+01

3E+01

8E+01

1E+01

4E+01

4E+01

5E+00

8E-01
7E+01

3E+00

NC
1E+01
2E+01

5E+01

6E+00

3E+01

2E+02

6E+00

5E-01
6E+01

2E+01

NC
1E+01

2E+01

6E+01

8E+00

3E+01

3E+01

2E+00

5E-01
6E+01

2E+01

NC
2E+01

3E+01

7E+01

2E+01

8E+01

6E+01

6E+00

8E-01
8E+01

3E+01

NC
2E+01

4E+01

7E+01

2E+01

2E-HIO

1E+00

9E-02

3E-HIO

5E+00

2E-02

5E-02

NC
9E+00

NC
NC

3E+00

2E+00

3E-01
3E+00

6E+00
1E-01

1E-01
NC

1E+01
NC
NC

2E-HH)

2E+00

2E-01
2E+00

4E+00

5E-01
1E-01
NC

1E+OI

NC
NC

2E+00

1E+00

2E-01
2E+00

5E+00

9E-02

4E-02

NC
1E+01

NC
NC

3E+00

3E+00

3E-01
4E+00

1E+01
2E-01

1E-01
NC

1E+01
NC
NC

3E+00

3E+00

3E-01
5E+00
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DRAFT

Soil Invertebrate Hazard Quotients (HQs) for Direct Contact witU Soils aud Tailings

* Average concentration

Richardson Flat Tailings Site
Screening Ecological Risk Assessment

all depths; duplicate/split samples averaged with Held samples.

Reach
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings

I Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailings
Site Tailinss

Station ID

RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL53
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL56
RF-TSDD-GL5S
RF-TSDD-GL58
RF-TSDD-GL5S
RF-TSDD-GL5S
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL5S
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL58
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL59
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62
RF-TSDD-GL62

Parameter
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium

Chromium
Copper

Lead
Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony

Arsenic
Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Aluminum
Antimony
Arsenic

Cadmium
Chromium

Copper
Lead

Mercury
Selenium

Silver
Zinc

Cone* (mg/kg)
10,533.5

10.6
13.3
61.3

9,420.0
11,442.5

89.2
136.3
23.3
21.5

247.5
2,897.5

1.8
2.5

20.3
4,518.5
14.787.5

58.3
144.0
22.7
21.0
168.5

2.622.0
2.6
11.3
15.3

3,378.0
13.622.0

168.3
219.0
24.0
24.0

418.5
3.834.5

13.6
6.1
22.8

5,462.0
17,379.5

45.3
99.6
20.1
22.5
126.5

1.572.0
0.7
5.9
11.3

2.981.0

Soil Invertebrate
Benchmark (mg/kg dw)

Low

140
0.1
2

50
100
600
NA
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20
1.6
0.4
40
140
0.1
2

50
100
600
NA
20

1.6
0.4

40
140
0.1
2

50
100

High
900
30
100
NA
600

NA
NA
100
20

100
150
900

30
100
NA
600

NA
NA
100
20
100
150
900
30
100
NA
600
NA

NA
100
20
100
150
900
30
100
NA
600
NA
NA
100
20
100
150
900
30
100
NA
600

SoilHQ

Low

8E+01
1E+02
7E+00
1E+00
9E+01
2E+01

NC
7E+00
1E+01
SE+01
6E+00
2E+01
2E+01
1E+00
4E-01
5E+01
2E+01

NC
7E+00
1E+01
5E+01
4E+00
2E+01
3E+01
6E+00
3E-01
3E+01
2E+01

NC
1E+01
1E+01
6E+01
1E+01
3E+01
1E+02
3E+00
5E-01
5E+01
3E+01

NC
5E+00
1E+01
6E+01
3E+00
1E+01
7E+00
3E+00
2E-01
3E+01

High
1E+01
4E-01
1E-01
NC

2E+01
NC
NC

1E+00
1E+00
2E-01
2E+00
3E+00
6E-02
3E-02

NC
8E4flO

NC
NC

1E+00
1E+00
2E-01
1E+00
3E+00
9E-02
1E-01
NC

6E+00
NC
NC

2E+00
1E+00
2E-01
3E+00
4E+00
5E-01
6E-02

NC
9E-H)0

NC
NC

lE-i-00
1E+00
2E-01
8E-01
2E+00
2E-02
6E-02

NC
5E-H)0
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